~ DEPARTMENT OF THE NAVY
NAVAL FACILITIES ENGINEERING COMMAND, MID-ATLANTIC
9742 MARYLAND AVENUE
NORFOLK, VA 23511-3095

5090
EV3/07/225

Michael A. Mintzer

Assistant Regional Counsel

New York/Caribbean Superfund Branch
Office of Regional Counsel

U.S. Environmental Protection Agency,
Region 11

290 Broadway, 17" Floor

New York. NY 10007-1866

SUBJECT: NEWTOWN CREEK SUPERFUND SITE, KINGS COUNTY AND QUEENS COUNTY,
NEW YORK, REQUEST FOR INFORMATION PURSUANT TO THE
COMPREHENSIVE ENVIRONMENTAL RESPONSE, COMPENSATION, AND
LIABILITY ACT (CERCLA), 42 U.S.C. §§ 9601-9675

Dear Mr. Mintzer:

This letter responds to the Environmental Protection Agency's CERCLA § 104(e) letter dated November
10. 2011 requesting information from the Navy regarding its historic operations at the Brooklyn Navy Yard,
Maspeth Annex and Newtown Creek. EPA requested responses to questions concerning the Navy's ownership and
operations, its arrangements with other entities concerning the site, and information related to any leaks, spills,
discharges, etc. occurring at the Annex. EPA also requested copies of documents pertaining to activities of the Navy
at this location, such as contracts, leases, permits, reports, etc. Your e-mail dated December 15, 2011, extended our
original response deadline to January 31, 2012.

Naval Facilities Engineering Command (NAVFAC) Mid-Altlantic and other NAVFAC components do, as
part of their Environmental Restoration program responsibilities, collect information regarding past waste disposal
practices, spills, and other contamination-related issues at Naval inslallations, for purposes of conducting clean-ups
under CERCLA and the Resource Conservation and Recovery Act (RCRA). We therefore contacted various
NAVFAC component organizations to determine whether any of them possessed any relevant records. or knew of
any employees, past or present, who might have information about Navy activities at or near the Maspeth Annex.
We also contacted Navy Sea Systems Command; Commander, Navy Region Mid-Atlantic; Military Sealift
Command: and the Office of Naval Research (ONR) to determine if any of those entities might have information
relevant to this request.

The Navy found no employees with any personal knowledge of Navy activities at Maspeth Annex or any
knowledge of former employees who might have such information. However, our search located several documents
which are attached to this response. Substantive responses 10 EPA’s questions, to the extent the Navy was able 1o
provide them, are also attached.
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SUBJECT: NEWTOWN CREEK SUPERFUND SITE. KINGS COUNTY AND QUEENS COUNTY,
NEW YORK, REQUEST FOR INFORMATION PURSUANT TO THE
COMPREHENSIVE ENVIRONMENTAL RESPONSE, COMPENSATION, AND
LIABILITY ACT (CERCLA), 42 U.S.C. §§ 9601-9675

Two sources of potentially responsive documents were received or discovered this week and are currently
under review. First, multiple boxes requested from National Records Center were received by ONR during the week
of January 23, 2012 and are in the process of review. Nine boxes have been reviewed and 38 remain for review,
The majority of the boxes contain classified material and all boxes and documents are in a deteriorated state.
Review and possible production of documents presents challenges. It is anticipated that the review of these boxes
will be completed by February 1™. This response will be supplemented as soon as possible to address any
responsive information found in these sources.

Second, an additional file folder containing a list of Office of Naval Research contracts dating back to
approximately 1946 was located this week. It is unclear whether the contract records associated with the list still
exist. The list does not contain “accession numbers” needed for archival retrieval. However, some contracts on the
list contain “job numbers” that can possibly be cross-referenced to identify a possible accession number. The
records associated with the identified accession numbers would then have to be ordered from the Washington
National records Center and reviewed. It is anticipated that this process may take a month or more and the response
will be supplemented as soon as possible to address any responsive information found.

Please note that the Navy manages its records pursuant to the policies contained in SECNAVINST
5210.8D (Dec. 31, 2005) and SECNAV Manual 5210.1 (Nov. 2007, incorporating Change 1, Sept. 2009). For
contract related records, the Navy also follows the Federal Acquisition Regulation (FAR) section 4.805
requirements for contract documentation retention periods. Because of the age of the information being sought.
such records most likely would have been destroyed some time ago or transferred to the National Archives and
Record Administration (NARA). Relevant excerpts from Department of the Navy, Records Management Program,
Records Management Manual [SECNAV M-5210.1] are enclosed.

If the Navy locates additional or different information, we will promptly notify EPA. If you require
additional information or clarification, [ am the Navy’s technical point of contact and may be reached at (757)341-
0392. The Navy's legal point of contact is Katherine Will, who may be reached at (757)341-2106.

Sincerely,

2tedd Sloare,

Robert G. Schirmer
Environmental Restoration
Product Line Coordinator
By direction of the
Commanding Officer

Enclosures:

Response to EPA Questions

Response to EPA Question 43

Certification of Answers to Request for Information
Excerpts from SECNAV M-5210.1

Documents Found

Copy to:
Caroline Kwan, Remedial Project Manager
Michael Hayes, Navy Litigation Office



REQUEST FOR INFORMATION
Section 1.0 Future Communications from EPA

1. Future EPA Communications: If the Navy requests that future communications from EPA regarding
the Site be sent to a particular individual or office, provide the name, address, telephone number, e-

mail address and capacity of such individual or office.
Navy Response:
Future communications regarding the Site should be sent to:

Mr. Robert Schirmer

Environmental Restoration

Product Line Coordinator

Naval Facilities Engineering Command,
Mid-Atlantic

9742 Maryland Avenue

Norfolk, VA 23511

757-341-0392
Robert.g.schirmer@navy.mil

Section 2.0 Owner/Operator Information
2. Identify the Navy's ownership, custody and/or control of the Facility, including:
a. Nature of the Navy's interest in the Facility between 1943 and 1959;

b. Dates of acquisition and date of disposition of the Navy's interest and identity of the non-Navy or
Navy predecessor transferor {on or about 1943) and transferee (on or about 1959};

¢. Describe the different roles and responsibilities of the Navy during periods when the Facility was
used by the Navy but when ownership or control was vested in others {e.g., Reconstruction Finance
Corporation, Defense Plant Corporation or General Services Administration);

d. Dates of operation and date of cessation of operation of the Facility; and

e. Provide a copy of all instruments evidencing the acquisition or conveyance of the Navy's interest in
the Facility (e.g., permits, leases, licenses, intra-governmental memoranda of understanding, etc.).
{see attachment pages NEWT 00041552 - 00041557, NEWT 0041557 and NEWT 0041862 - 0041163 for

reference to leases and permits to the Navy).

Navy Response:

Enct. L



The Navy located a New York Times news article dated September 8, 1945 indicating that the
Reconstruction Finance Corporation had previously cancelled its lease on the aluminum smelting plant
located at Maspeth, N.Y. Another New York Times news article dated September 25, 1945 indicated
that the Navy’s Bureau of Ships planned to retain the Brooklyn Navy Yard’s Maspeth Annex for
“industrial activities” following the war. Athird New York Times news article dated December 25, 1947
indicated that the Navy had budgeted $5,000,000 to buy the Maspeth Annex which was at the time
leased for $163,000 per year.

The Navy aiso located two agreements that appear to pertain to the Maspeth Annex. The first is an
agreement between the Bohack Realty Corporation and the U.S. and dated December 1, 1942 allowing
the Navy’s Bureau of Yard and Docks permission to use Bohack’s boat basin for the purposes of
“compensating PT boat compasses, landing barges and other small naval craft.” The second agreement,
dated September 7, 1945, between the Long Island Rail Road Company and the U.S. allowed the Navy to
use two of the Rail Company’s existing sidetracks and switch connections. The agreement indicated that
it vested ownership of one of the sidetracks in the Navy.

The news articles and agreements are attached to this response. The agreement with Bohack Realty
Company references an attachment, but no attachment was located with the document found. No
other information or documents were located responsive to this question.

3. Identify all entities to whom the Navy granted rights to the Facility or to any portions thereof, or
from whom the Navy derived rights to the Facility or any portion thereof, including a description of
such arrangements, and provide a copy of all instruments evidencing or describing such arrangement
including, but not limited to, the following:

a. Lessees, sublessees, licenses, or holders of easements (see, e.g., attachment page NEWT 0020182,
which refers to a lease to the Government from the Long Island Railroad, which is renewed pursuant

to the subject attachment).

b. Contractors, subcontractors, licensees or licensors that exercised control over any materials
handling, storage, or disposal activity.

¢. Pipelines providing delivery of materials to, distribution within or shipment from the Facility;
d. Railroads or rail lines providing delivery of materials to or shipment from the Facility;

e. Barge or other shipping companies providing delivery of materials to or shipment from the Facility;
and

f. Governmental agencies, departments or instrumentalities other than the Navy. (see, e.g., question
number 7, below).



Navy Response:

As indicated above, two agreements were located that appear to relate to the Maspeth Annex. The first
is an agreement between the Bohack Realty Corporation and the U.S. and dated December 1, 1942
allowing the Navy’'s Bureau of Yard and Docks permission to use Bohack’s boat basin for the purposes of
“compensating PT boat compasses, landing barges and other small naval craft.” The second agreement,
dated September 7, 1945, between the Long Island Rail Road Company and the U.S. allowed the Navy to
use two of the Rail Company's existing sidetracks and switch connections. The agreement indicated that
it vested ownership of one of the sidetracks in the Navy.

Both agreements are attached to this response. No other information or documents were located
responsive to this question.

4, Ownership of Newtown Creek: At the present time or at any past time, has the Navy or the United
States on behalf of the Navy:

a. Owned any portion of Newtown Creek or wetlands associated with Newtown Creek?

b. Asserted control or exclusive rights to use any area of Newtown Creek or wetlands associated with
Newtown Creek, for any purpose including, without limitation, dredging, filling, construction,
maintenance or repair of any facility located in the waters, the associated wetlands or sediment
including, by way of example, bulkheads, rip rap, pipes, wharfs, piers, docking, loading or unloading
facilities, cranes or over-water facilities?

c. If the answer to either subparagraph "a" or "b" of this paragraph is yes, please identify the areas
owned or controlled, or over which the Navy has a right to use, provide an explanation of how and
from whom the Navy acquired such ownership or control, provide a copy of all title documents,
leases, permits or other instruments where such right was derived, and describe all activities
conducted pursuant thereto. '

Navy Response:

The Navy located no documents or information responsive to this question.

5. Operations In, Under or Over the Waters or On the Sediments of Newtown Creek:

a. Describe all activities at the Facility that were conducted over, on, under, or adjacent to, Newtown
Creek. Include in your description whether the activity involved hazardous substances, industrial

waste, petroleum or other waste materials and whether any materials were ever discharged, spilled,
disposed of, dropped, or otherwise came to be located in Newtown Creek.



b. Has the Navy, at any time, constructed or operated any facility in or over the waters or on the
sediments of Newtown Creek, including any bulkheads, rip-rap, pipes wharfs, piers, docking, loading
or unloading facilities, containment booms, cranes or other on-water or over-water facilities?

¢. Has the Navy, at any time constructed, operated or utilized any facility under the waters or
sediments of Newtown Creek, including without limitation pipes, pipelines, or other underwater or

under sediment facilities?

d. If the answer to subparagraph "b" or "¢" of this paragraph is yes, please provide details including
the facilities constructed or operated, the dates of such construction, replacement or major
modification; whether there were discharges into the waters of Newtown Creek associated with
construction or maintenance of such facilities, all permits associated with the construction or
operation and the nature of the Navy's authorization to construct or maintain such facilities in
Newtown Creek including from whom the operating rights were obtained, and provide copies of
relevant deeds, leases, licenses and permits.

e. Provide a summary of over-water activities conducted at the Facility, including but not limited to,
any material loading and unloading operations associated with vessels, materials handling and
storage practices, ship berthing and anchoring, ship fueling, cleaning, maintenance, or repair.

f. Has the Navy utilized lighters, barges, tankers or other vessels {"vessels"} in any operations on
Newtown Creek and, if so, provide details? With respect to vessel operations,

i. Identify all products and raw materials transferred to or from vessels and
the dates of such operations;

ii. Describe the method of transfer to and from vessels during all periods of
such activities;

iii. Identify the types of vessels utilized, the location at the Facility where
vessels were moored and describe the docking and mooring facilities at
the Facility;

iv. Describe vessel repair or maintenance activities, if any;

v. Describe vessel cleaning operations, if any, including the cleaning
methods that were used, how cleaning waste was handled; and

vi. Describe spill prevention controls that were utilized in delivery or pick-up
of materials.

g. State whether any of the operations required to be identified above resulted in disposal or spillage
of any materials into Newtown Creek or the re-suspension of any sediments of Newtown Creek. if the

answer is a "ves" please provide details and documentation of such events.

Navy Response:



As indicated above, the Navy located an agreement between the Bohack Realty Corporation and the
U.S. and dated December 1, 1942 allowing the Navy's Bureau of Yard and Docks permission to use
Bohack’s boat basin for the purposes of “compensating PT boat compasses, landing barges and other
small naval craft.” No other information or documents were located responsive to this question.

6. Litigation and Administrative Enforcement:

a. Has the United States, on behalf of the Navy, been a party to any litigation, whether as plaintiff or
defendant, where an allegation included liability for contamination of or from the Facility, any Other
Newtown Creek Property within 1,000 feet of Newtown Creek (whether or not owned or operated by
the Navy)? If yes, identify such litigation and its disposition, briefly describe the nature of the Navy's
involvement in the litigation and provide a copy of the pleadings and any final order.

b. Has the United States, on behalf of the Navy, been identified by the EPA or by any New York State
or New York City agency as a party responsible for environmental contamination with respectto a
facility located within 1,000 feet of Newtown Creek? If ves, state the Navy's understanding of the
basis for such notice of responsibility and provide a copy of any correspondence, orders or
agreements between the Navy and the governmental agency.

Navy Response:
The Navy located no documents or information responsive to this guestion,

7. EPA understands that in April 1949, the Navy issued permit Number NOy(R) 44383 to the Atomic
Energy Commission for the use by the Atomic Energy Commission of certain land at the Facility
including the use of buildings 42, 43, 43.a and 48 at the Facility. Please state whether the Atomic
Energy Commission took possession of the permitted space, and the term of the permit. Please
identify the activities undertaken by the Atomic Energy Commission at the Facility and the nature of
wastes resulting from those activities and the methods of waste disposal. Please provide a copy of the
permit and of all written materials relating to the occupation and use of the Facility by the Atomic
Energy Commission. In order to facilitate your response to this question, enclosed with this Request
for Information is a copy of correspondence between the Navy and the United States Corps of
Engineers relating to the permitted use of the Facility by the Atomic Energy Commission. {see
attachment pages 0020157 - 0020160}.

Navy Response:
The Navy located no documents or information responsive to this question.
8. ldentify each and every Other Newtown Creek Property (see Definition number 9.b for "Other

Newtown Creek Property”} that the Navy presently (or previously} owns {or owned]}, leases {or
leased), manages {or managed), operates {or operated), controls {or controlled}, or otherwise has or



had rights to use, manage or operate within the area extending one-thousand feet from the shoreline
of Newtown Creek {Definition number 1 above defines "Newtown Creek” to include all tributaries or
branches of Newtown Creek).

Navy response:

Other than the two agreements identified in previous responses, the Navy located no documents or
information responsive to this question.

Section 3.0 Description of the Facility

9. Provide the following information for the Facility, including a description responsive to each
question and depictions by map, drawing, survey or otherwise:

a, historic photographs, including without limitation, aerial photographs, photographs showing
construction, industrial or commercial processes, sanitary and storm sewer systems, outfalls, indoor
and outdoor storage of materials or products, and photographs during construction;

b. all surveys and drawings of the Facility in your possession showing configurations of the Facility;

. sanitary sewer system information, including drawings, sewer easements, surveys or maps showing
focation and configuration of sewer systems;

d. storm water sewer system information, including drawings, surveys or maps showing location and
configuration;

. all below-ground structures, including, pipes, pipelines, sumps, wells, dry-wells and other structures
for storage or conveyance of solid, gaseous or liguid materials, whether above ground or below

ground, and whether owned or operated by you or by another;

{. all above-ground structures, including buildings and including all facilities for storage or transport of
solid, liquid or gaseous materials, whether owned or operated by vou or by another;

g. all over-water or in-water facilities {e.g., piers, docks, cranes, bulikheads, pipes, treatment facilities,
containment booms, etc.};

h. all treatment or control devices for all media and pursuant to all environmental laws and
regulations (e.g., surface water, air, groundwater, hazardous waste, solid waste, etc.};

i. groundwater wells, including drilling logs;



j. information related to any other outfalls, ditches, direct discharge facilities or other conveyance
features and any discharges associated therewith; and

k. for all items identified in subparagraphs ¢, d, e, f, g, h, i, or j, locate each such item on a Facility map
or plan, provide the date of installation, identify all permits associated with each item, state whether
such items are still in service or, if not, when they were removed from service, identify all leaks or
spills, if any, associated with each, and identify any closure of any such item.

Navy Response:

Other than the attachment to the agreement with Long Island Rail Road Company depicting rail tracks
and sidings, the Navy located no documents or information responsive to this question.

10. For each environmental permit issued with respect to the Facility during the Navy's period of
ownership or operation, identify the type of permit, the agency or governmental authority issuing the
permit and provide a copy of the permit, the permit application, and any reports required to be
generated by the permit.

Navy Response:
The Navy located no documents or information responsive to this question.
11. With regard to the placement of fill at the Facility:

a. Was any fill placed on the Facility during the development or redevelopment of the Facility by the
Navy, or at any time thereafter? If so, identify all areas of the Facility where fill was placed, the lateral
extent of the fill and the depth of the fill, the purpose of the placement, the source of the fill, the
amount of the fill in each area, and the identity of the contractors involved in work related to the fill.
State whether the fill has ever been characterized, either before placement or thereafter and, if so,
provide a copy of the sampling/characterization results.

b. Were any portions of the Facility historically part of Newtown Creek or did the Facility formerly
include any marshlands or wetlands associated with Newtown Creek. Please depict any such areas on
a survey, drawing or schematic. Please provide your understanding of who filled any such wet areas,
the approximate date of such fill, and the lateral extent and depth of such fill, the source of the fill,
the composition of the fill and, if any sampling has ever been done of such filled areas, provide a copy
of the sampling results.

Navy Response;

The Navy located no documents or information responsive to this question.



12. Provide a copy of all reports, information or data you have related to soil, water {ground and
surface), or air quality and geology/hydrogeology at and about the Facility. Provide copies of all
documents containing such data and information, including both past and current aerial photographs
as well as documents containing analysis or interpretation of such data.

Navy Response:

The Navy located no documents or information responsive to this question.

13. identify all past and present solid waste management units or areas where materials are or were
in the past managed, treated, or disposed {e.g., waste piles, landfills, surface impoundments, waste
lagoons, waste ponds or pits, drainage ditches, tanks, drums, container storage areas, etc.) on the
Facility. For each such unit or area, provide the following information:

a. a map showing the unit/area's boundaries and the location of all known units/areas whether
currently in operation or not. This map should be drawn to scale, if possible, and clearly indicate the
location and size of all past and present units/areas;

b. dated aerial photograph of the Site showing each unit/area;

¢. the type of unit/area {e.g., storage area, landfill, waste pile, etc.}, and the dimensions of the
unit/area;

d. the dates that the unit/area was in use;
e. the purpose and past usage {e.g., storage, spill containment, etc.);

f. the quantity and types of materials {hazardous substances and any other chemicals) located in each

unit/area;

g. the construction {materials, composition), volume, size, dates of cleaning, and condition of each

unit/area; and

h. If the unit/area described above is no longer in use, explain how such unit/area was closed and
what actions were taken to prevent or address potential or actual releases of waste constituents from
the unit/area.

Navy Response:

The Navy located no documents or information responsive to this question.

14. Provide the following information regarding any current or former sewer or storm sewer



lines or combined sanitary/storm sewer lines, drains, or ditches discharging into Newtown Creek from
the Facility:

a. the location and nature of each sewer line, drain, or ditch;
b. the date of construction of each sewer line, drain, or ditch;

¢. whether each sewer line, drain, or ditch drained any hazardous substance, waste, material or other
process residue to Newtown Creek; and

d. provide any documentation regarding but not limited to the following on any and all outfalls to
Newtown Creek which are located within the boundaries of the Facility. Your response should include,

but not be limited to:

i. whether the Facility is serviced by or otherwise drains or discharges to the
outfalls and, if so, the source of the outfall;

ii. the identify of upland facilities serviced by the outfalls;

iii. the upland geographic area serviced by the outfalls; and

iv. the type of outfall (i.e., storm water or single or muitiple facility outfali).

Navy Response:

The Navy located no documents or information responsive to this question.

15. Provide copies of any storm water or Facility drainage studies, including data from sampling,
conducted at these Properties on storm water, sheet flow, or surface water runoff. Also provide
copies of any storm water pollution prevention, maintenance plans, or spill plans developed for
different operations during the Navy's operation of the Facility.

Navy Repsonse:

The Navy located no documents or information responsive to this question.

16. Sewer infrastructure including double barrel sewer: Provide the following information regarding
sewer or storm sewer lines or combined sanitary/storm sewer lines, drains, or ditches discharging into
Newtown Creek from the Facility, including specifically, and without limitation, the double barrel
sewer draining into Maspeth Creek from the Facility (see attachment page NEWT 0004301 showing
location of double barrel sewer at the Facility);

e. the location and nature of each sewer line, drain, or ditch;

{. the date of construction of each sewer line, drain, or ditch;



g. identify and provide copies of all sewer easements affecting the Facility;

h. identify all drains at the Facility, interior and exterior; that were tied in to the double barrel sewer,
and identify the processes producing wastes that were disposed of through connections to the double

barrel sewer;

i. whether each sewer line, drain, or ditch drained any hazardous substance, waste, material or other

process residue to Newtown Creek; and

j. provide documentation regarding but not limited to the following on any and al! outfalis to
Newtown Creek which are located within the boundaries of the Facility. Your response should include,
but not be limited to:

v, whether the Facility is serviced by or otherwise drains or discharges to the outfalls and, if
5o, the source of the outfall;

vi. the identify of upland facilities serviced by the outfalls;

vii. the upland geographic area serviced by the outfalls; and

viii. the type of outfali {i.e., storm water or single or multiple facility outfall}.
Navy Response:
The Navy located no documents or information responsive to this question.
17. Connections to New York City sewer system {see attachment page NEWT 0020035):

a. State whether the Facility was connected to the New York City sewer during the Navy's ownership
or operation, and the date that the Facility was first connected;

b. State whether the Facility has ever discharged liquid wastes other than through the New York City
sewer system and, if so, provide details on such discharges;

¢. State whether the Facility participated in the New York City pretreatment program, whether the
Navy has ever been classified as a significant industrial user, whether the Navy has ever been in
violation of sewer use requirements or permits or received any notices of violation relating to use of
the New York City sewer system;

d. Provide any information detailing the volume of liquids discharged to the sewers and the nature of
the discharges including analytical data detailing the makeup of the discharged liquids;



e. Provide copies of all permits and permit applications for Industrial Wastewater discharge permits;

{. Provide copies of all notices of violations, correspondence, hearing transcripts and dispositions
relating to the Navy's use of the New York City sewer system;

g. Copy of Baseline Monitoring Reports submitted to NYC in connection with the Navy's application
for an industrial wastewater discharge permit;

h. Copies of all surveys, reports or analyses delineating or characterizing the Navy's liquid wastes;
i. Copies of all periodic monitoring reports for wastes discharged through the sewer system;

i. Copies of all invoices from NYC or the NYC Water Board for water and/or wastewater charges
including any wastewater allowances.

Navy Response:

The Navy located no documents or information responsive to this guestion.

Section 4.0 Navy's Operational Activities

18, Provide a detailed description of activities conducted by the Navy {or by other United States
Government instrumentalities acting pursuant to permit, lease or other right granted by the Nawy}. If
the products, processes, operation, or business activity changed over time, please identify each
separate operation or activity, the dates when each operation or activity was started and, if
applicable, ceased, Please address all activities conducted at the Facility including, without limitation:

a. Storage of 30,000 tons of NSA (and identify what "NSA” refers to {see attachment page NEWT
0041555)), storage of 60,000 tons of coal {see attachment page NEWT 0041555 and NEWT 0004315},
storage of scrap including identification of the scrap materials (see attachment page NEWT 0004315},
salvage and reconditioning, storage of salvage material removed from various building at the Facility

{(see attachment page NEWT 0004315);

b. Reconditioning of guns, ordnance and other equipment and processing diesel engine parts (see
attachment page 0004236 and NEWT 004220);

¢. Activities in connection with operation of the US Naval Shipyard: Brooklyn, NY Maspeth annex {see,
e.g. attachment page NEWT 0004436);



d. Garage and automotive service and repair activities in building 45 at the Facility (see attachment
page NEWT 0004315 and pages NEWT 0004538 — 0004539 (Building 45}};

e, Activities conducted by other Governmental agencies, including without limitation, the Atomic
Energy Commission (see question number 7, below};

{. Ship building or vessel maintenance activities, if any; and

g. All other activities conducted by the Navy or by others during the time that the Navy had custody or
control of otherwise owned or aperated the Facility.

Navy Response:

The Navy located several documents providing general information regarding activities conducted at the
site. These documents are attached to this response. The Bureau of Ordnance, Guns and Mounts No.
75 document indicates that a small arms repair shop existed at Maspeth Annex. The document further
indicates that “these shops were equipped to complete major overhaul, inspection, and packaging.” The
New York Times article of September 25, 1945 indicates that the Navy intended to retain the Maspeth
Annex following the war for “industrial activities.” The New York Times article of December 25, 1947
indicates that the Navy was, at that time, using the property as a storage depot. The article further
indicates that two aluminum smelting plants were present on the site. A New York Times news article of
February 10, 1948 indicates that the Navy supplied emergency diesel oil for the public during a heating
oil crisis. One of the depots where oil was “poured into police certified trucks” was “the Maspeth
terminal of the Sylvestre Oil Company.”

Further, one of the two agreements discussed in earlier responses indicated that the Navy had the right
to use the Bohack Realty Corporation’s boat basin for the purposes of “compensating PT boat
compasses, landing barges and other small naval craft.” The second agreement with the Long island Rail
Road Company indicated that the Navy had the right to use two of the Rail Road Company’s existing
sidetracks and switch connections. It is unclear from these agreements when or if these activities
started or when they ceased.

Finally, while not specifically conducted at the site, it appears that the Navy sponsored a research
project {Project Whirlwind) at the Massachusetts institute for Technology (MIT) that was connected
with the Maspeth Annex. The Office of Naval Research (ONR) replaced the Office of Research and
inventions (ORI} in 1946. Project Whirlwind began sometime during World War Il as an ORI sponsored
project and was completed in 1951 under ONR sponsorship according to internet sources. According to
Project Whirlwind Summary Report No. 1, the project involved “a program of research, investigation and
development in the field of high-speed electronic digital computation.” The project was "specifically
aimed at the solution of aircraft stability and control problems” and “was organized in December 1944.”



According to a partial index of possible archive holdings at MIT obtained from the internet, MiT may be
in possession of records or documents related to Project Whirlwind. Some index entries suggest that
correspondence may exist regarding the use of surplus material for the project that was available at the
Maspeth Annex. A CD containing the complete summary report of the project, as well as a hard copy
portion of the report and a partial index of possible archive holdings held at MiT is attached to this
response.

Aside from the information identified above, no other information or documents have currently been
located responsive to this question. As stated in the cover letter however, additional potential sources
of information related to this question have recently been located and are in the process of review. The
response will be supplemented to address any additional information found.

18. Attachment pages NEWT 0004538 - 0004540 appears to show "Department and Division” and
“"Use" of a number of buildings at the Facility "showing condition on June 30, 1945." Attachment
pages NEWT 0004312 - 0004318 provides further details of building usage as of May 1947, Please
identify the responsibilities of the following Departments and Divisions and describe in detail the
following uses, including chemicals used in such activities, solid and liquid waste streams, connections
to sewers for liquid wastes and waste disposal:

Department and Division Use

Industrial Ordnance
Industrial Ordnance
Industrial Ordnance

industrial Ordnance
industrial Production

Industrial Production
Supply

Supply

Public Works

Public Works

Navy Response:

Salvage and Reconditioning

Heavy Ordnance

Inspection & Assembly Including Small
Arms

Reconditioning Assembly and Inspection
Internal Combustion Engine: Salvage and
Reconditioning

Special Industrial Assignments

Supply Functions at Maspeth

Receiving and Shipping

Garage & Oil Storage

Boiler House

The Navy located no documents or information responsive to this question.

20. Did the Navy store or combust coal at the Facility during the time of its ownership or operation? If
your answer is yes, please respond to the following requests for information for all periods of time
that the Navy operated at or owned the Facility {please refer to attachment page NEWT 0041555
concerning storage of coal and attachment page 0004540 containing Facility map depicting large coal
storage area adjacent to Newtown Creek):



a. ldentify the purposes for such coal storage or combustion, including if used in energy production,
the processes in which the energy was used at the Facility;

b. State the means by which the shipments of coal were delivered to the Facility, whether by barge,
rail, truck or other, and identify the shipper and the vendor. Describe how the coal was received at

the Facility and transported to storage facilities;

c. ldentify the volume of coal received at the Facility, the type or types of coal (i.e. bituminous,
anthracite, etc.) received and consumed on an annual basis during the period of the Navy's ownership

or operations, including changes over time;

d. Describe the means of storage of coal at the Facility, including whether the Facility employed coal
pockets or other storage areas, the dimensions and volume of such storage facilities, and whether
such storage was indoors or outdoors and covered or uncovered. identify on a Facility map or diagram
the location of the coal storage facilities. Describe the means of transport of the coal from the storage

facilities to the combustion point; and

e. Identify how the coal ash was managed including the location and storage facilities for the coal ash,
and whether indoors or outdoors, covered or uncovered, the means of conveying the ash to the on-
site storage facilities, the location of the storage facilities, and, if sent for disposal, identify the
disposal companies. State whether the ash was ever used at the Facility, whether as fill or for any
other purpose, or otherwise disposed of at the Facility and, if it was describe the circumstances and
identify the areas of disposal on a Facility map.

Navy Respaonse:
The Navy located no documents or information responsive to this question.

21. Describe the receipt and storage of chemicals, raw materials, intermediary product, fuel and final
product at the Facility. For each question, identify the time period covered by your response. Please
provide a copy of Navy manuals that over time were in effect describing these procedures. Please:

a. Identify chemicals acquired for use at the Facility including the identification of each such chemical,
the purpose for which it was used and the method and location of use and storage at the Facility.
Describe all processes for which each such chemical was used at the Facility. Please provide Material
Data Safety Sheets {(MSDSs) for each such chemical. Identify all spills, emissions, discharges and
releases of any such substances at or from the Facility.

b. identify metals and metal compounds (including but not limited to raw materials, scrap,
byproducts, ash, wastewater and wastes containing metals or metal compounds but not including
metals as components of structures or equipment) acquired for use at the Facility and the method and



location of use and storage at the Facility. Please provide MSDSs for each such chemical. identify all
spills, emissions, discharges and releases of any such substances at or from the Facility.

¢. For polychlorinated biphenyls (PCBs): identify any PCBs previously or currently used or otherwise
present at the Facility including, but not limited to
{i1 PCBs in plasticizers, fire retardants, paints, water-proofing, railroad ties, heat stabilizing
additives for adhesives, and other materials;
{ii} PCBs in capacitors, transformers, vacuum pumps, hydraulic systems, and other devices;
and
{iii} PCBs in raw materials, wastes, wastewater, scrap, and byproducts;
identify the purpose for each of them, any P(CB testing done on such materials, and the method and
location of use, storage and other handling of PCBs at the Facility. identify all spills, emissions,
discharges and releases of any PCBs at or from the Facility. Please provide any MSDSs for PCBs at the
Facility.

d. Provide copies of any records, including Navy manuals or written procedures that you have in your
possession, custody or control relative to the activities described in this Question.

Navy Response:
Aside from the February 10, 1948 New York Times article indicating that the Navy provided heating oil to
the public during a heating crisis, the Navy found no other information or documentation responsive o

this question.

22. For all periods of the Navy's ownership or operation of the Facility, describe how wastes
transported off the Facility for disposal or treatment were handled, stored, and/or treated prior to
transport to the disposal facility.

Navy response:

The Navy located no documents or information responsive to this question.

23. Describe the cleaning and maintenance of the equipment and machinery involved in operations at
the Facility, including but not limited to:

a. the types of materials used to clean/maintain this equipment/machinery;
" b. the monthly or annual quantity of each such material used;
¢. the materials used to clean up those spills;

d. the methods used to clean up those spills;



e. where the materials used to clean up those spills were disposed of;

{. provide copies of Navy manuals or procedures relating to cleaning of equipment and machinery and
the Facility; and

g. provide copies of all records of such cleaning and maintenance including internal records and
records from any outside vendor for such services.

Navy Response:

The Navy located no documents or information responsive to this question.

24. Describe all wastes disposed by the Navy into drains at the Facility, including but not limited to:

a. the nature and chemical composition of each type of waste;

b. the approximate guantity of those wastes disposed by month and year;

¢. the location to which these wastes drained {e.g. Facility drains to Newtown Creek, sheet flow to
Newtown Creek, septic system or storage tank at the Facility, oil-water separator, pre-treatment
plant, New York City sewer system); and

d. whether and what pretreatment was provided.

Navy Response:

The Navy located no documents or information responsive to this question.

25. Identify all oil/water separators at the Facility during the Navy's ownership or operation including
dates of installation, dates of replacement or major modification, purpose of installation and source
of influent, and location of discharge. Provide a copy of each permit and permit application, influent
and effluent sampling results and copies of all submissions to federal, state, city or county
environmental agencies or public health agencies relating to oil/water separators.

Navy Response:

The Navy located no documents or information responsive to this question.

26. ldentify each fixed above-ground storage tank and each fixed below-ground storage tank that is or

was situated on the Facility during the Navy's ownership or operation. For each tank, identify the date
of installation, the dates and nature of major modifications, and description or drawings of tanks;



identity of contents that have been stored in the tank both before (if known) or during the Navy's
ownership or operation, and the practices of cleaning at the time of any change in items stored, and
the manner of ultimate disposal of wastes from the tank. identify procedures for addressing spills
from the tanks and identify all spills that have occurred during the Navy's ownership of the Facility.
Provide a copy of all permits relating to the tank and provide a copy of all Navy written manuals or
procedures, including manuais that have been superseded by newer manuals or procedures,
addressing use and maintenance of such tanks.

Navy Response:
The Navy located no documents or information responsive to this question.

27. identify each pipeline serving the Facility that is or was situated on the Facility property {either
above- or below-ground) during the Navy's ownership or operation. For each pipeline, identify the
owner and the operator for the pipeline servicing the Facility. If there are separate owners or
operators of the pipeline for the segments located on the Facility and the segment located off the
Facility, please identify all such owners and operators. Please provide a copy of all permits maintained
by the Navy relating to the pipeline on the Facility and the date of installation. Please identify all
materials transported to the Facility through the pipeline, including, without limitation, crude
petroleum, petroleum products, additives, other refining materials, batch separators, natural gas,
manufactured gas, other fuels, chemicals and/or other materials. Describe pipeline cleaning processes
and procedures for handling and disposal of wastes in the pipelines including mixed batches of
materials in the pipeline. Identify procedures for addressing spills from the pipelines and identify all
spills that have occurred during the Navy's ownership or operation of the Facility. Please provide a
copy of all Navy written manuals or procedures, including manuals that have been superseded by
newer manuals or procedures, which address or regulated use and maintenance of such pipelines,

Navy Response:

The Navy located no documents or information responsive to this question,

Section 5.0 Regulatory Information

28. ldentify each federal, state and local authority that regulate or regulated environmental concerns
relating to the ownership or operation at the Facility, the activity regulated, and the applicable
federal, state and local statute or regulation from which such regulation was derived.

Navy Response:

The Navy located no documents or information responsive to this guestion.



29. Describe all occurrences associated with violations, citations, deficiencies, and/or accidents
concerning the Facility related to environmental concerns. Provide copies of all documents associated
with each occurrence described.

Navy Response:
The Nawy located no documents or information responsive to this guestion.

30. Provide a list of all local, state and federal environmental permits which have been applied for or
issued to the Navy with respect to the Facility for any media, e.g., water {including SPDES and NPDES,
NYC sewer permit, Industrial Pretreatment Program permit or any other wastewater discharge related
governmental authorization or notice}, excavation and fill in navigable waters, dredging, tidal
wetlands, air, solid waste or hazardous waste, bulk storage, industrial wastewater, etc. under any
environmental statute or regulation. Provide a copy of each federal and state permit, the applications
for each permit.

Navy Response:

The Navy located no documents or information responsive to this question.

31. Has the Navy or any contractor or agent associated with the Navy or any individual associated
with any of the foregoing ever been accused of any criminal violation in connection with any
operation at the Facility. If so, describe the disposition of such accusation and provide details on such
accusation.

Navy Response:

The Navy located no documents or information responsive to this question,

32. Was a Notification of Hazardous Waste Activity ever filed with EPA or New York State for any
activity at the Facility during the period that the Navy owned or operated at the Facility. If so, provide
a copy of such notification and the response given by EPA or New York State including the RCRA
identification number assigned.

Navy Response:

The Navy located no documents or information responsive 1o this question.

33. Identify all state or City offices to which the Navy has sent or filed hazardous substance or

hazardous waste information with regard to the Facility or Other Newtown Creek Properties. State
the years during which such information was sent/filed.



Navy Response:
The Navy located no documents or information responsive to this question.

34. Has the Navy or the Navy's contractors, lessees, tenants, or agents, ever contacted, provided
notice to, or made a report to the New York State Department of Environmental Conservation or New
York City Department of Environmental Protection or any other state or city agency concerning an
incident, accident, spill, release, or other event involving the Facility or involving Newtown Creek? If
so, describe each incident, accident, spill, release, or other event and provide copies of all
communications between the Navy or its agents and NYSDEC, NYCDEP, NYSDOH, NYCDOH or any
other state or city agency.

Navy Response:

The Navy located no documents or information responsive to this question.

Section 6.0 Facility Releases, Investigations and Remediation

35, identify all leaks, spills, or releases into the environment of any waste, including hazardous
substances, poliutants, or contaminants, industrial waste or petroleum that have occurred at or from
the Facility. in addition, identify and provide copies of any documents regarding:

a. the date of each releases;

b. how the releases occurred, e,g. when the substances were being stored, delivered by a vendor,
transported or transferred {to or from any tanks, drums, barrels, or recovery units}, and treated;

¢. the identity of the material released and the amount of each released;
d. where such releases occurred;

e, activities undertaken in response to each such release or threatened release, including the
notification of any agencies or governmental units about the release and the remediation and the
regulatory disposition concerning such release; and

f. identify all fires, explosions or other similar events that have occurred at the Facility during the
Navy's ownership or operation that required response either by a Facility employee or a New York
City responder or that was the subject of a subsequent investigation by a New York City agency.
ldentify the location on a Facility map where each of the events occurred and identify the items that
were combusted in whole or part, including, without limitation, hazardous substances, pollutants or



contaminants, industrial waste or petroleum. Provide a copy of all reports of the event, whether such
reports are the Navy's private reports or are public reports in the Navy's possession.

Navy Response:

The Navy located no documents or information responsive to this guestion.

36. Was there ever a spill, leak, release or discharge of waste, or process residue, including hazardous
substances; pollutants, contaminants, industrial waste; or petroleum, into any subsurface disposal
system or floor drain inside or under a building on the Facility? If the answer to the preceding
question is anything but an unqualified "no", provide details of each event and any communication
with any federal, state or city regulatory body.

Navy Response:

The Navy located no documents or information responsive to this question.

37. Has any contaminated soil ever been excavated or removed from the Facility? If your answer is
yes, identify and provide copies of any documents regarding:

a. reason for soil excavation;

b. location of excavation presented on a map or aerial photograph;

c. manner and place of disposal and/or storage of excavated soil;

d. dates of soil excavation and amount of soil excavated;

e. all analyses or tests and results of analyses of the soil that was removed from the Facility;

f. all confirmatory analyses or tests and results of analyses of the excavated area after the soil was
excavated and removed from the area; and

g. all persons, including contractors, with information about {a) through (f) of this guestion.
Navy Response:
The Navy located no documents or information responsive to this question.

38. Have you treated, pumped, or taken any kind of response action on groundwater under the
Facility? If your answer is "yes", identify and provide copies of any documents regarding:



a. reason for groundwater action;

b. whether the groundwater contains or contained hazardous substances, poliutants, contaminants,
industrial waste, or petroleum, what the constituents are or were which the groundwater contained,
and why the groundwater contained such constituents;

¢. all analyses or tests and results of analyses of the groundwater;

d. if the groundwater action has been completed, describe the basis for ending the groundwater

action; and

e. all persons, including contractors, with information about (a) through {d) of this question.

Navy Response:

The Navy located no documents or information responsive to this question.

39. Was there ever a spill, leak, release or discharge of a hazardous substance, waste, or material into
Newtown Creek from any equipment, structure, or activity occurring on, over, or adjacent to the
Creek? if your answer is "yes", identify and provide copies of any documents regarding:

a. the nature of the hazardous substance, waste, or material spilled, leaked, released or discharged;
b. the dates of each such occurrence;

¢. the amount and location of such release;

d. whether sheens were created on the Creek by the release; and

e. whether there ever was a need to remove or dredge any solid waste, bulk product, or other
material from the Creek as a result of the release? If so, please provide information and description of

when such removal/dredging occurred, why, and where the removed/dredged materials were
disposed.

Navy Response:
The Navy located no documents or information responsive to this question.
40. Describe the purpose for, the date of initiation and completion, and the results of any

investigations of soil, water (ground or surface), sediment, geology, hydrology, or air quality on or
about the Facility. Provide copies of all data, reports, and other documents that were generated by



the Navy or any contractor or consultant, or by a federal or state regulatory agency related to the
investigations that are described.

Navy Response:

The Navy located no documents or information responsive to this question.

41. Describe any remediation or response actions that the Navy or its agents or consuitants have ever
taken or are currently taking at the Facility, either voluntarily or as required by any state, local or
federal entity. If not otherwise already provided under this Information Request, provide copies of all
enforcement agreements with regulatory agencies pursuant to which such response actions were
undertaken as well as all reports of investigations or cleanup activities on the Facility.

Navy Response:

The Navy located no documents or information responsive to this question.

42. Provide a copy of all environmental investigation reports of the Facility including investigations
undertaken at the times of acquisition and transfers of the Facility by the Nawy.

Navy Response:

The Navy located no documents or information responsive to this guestion.

Section 7.0 Compliance with this Request
43. Persons and Sources Consulted in Your Response: ldentify all persons, other than counsel, that the

Navy consulted, and all sources that the Navy raviewed in responding to this request, including, but
not limited to:

a. the names of persons consulted, the contact information for such person, and if the personis a
current or former employee, the job title and responsibilities for such persons and the dates of

employment, and identify which questions the person was consulted about; and

b. a description and the location of where all sources reviewed are currently located and the
guestions to which such sources relate.

Navy Response:
Please see attached document entitled “Response to Question 43.”

44. ldentify all individuals who currently have and those who have had responsibility for the



Navy's environmental matters {e.g. responsibility for the disposal, treatment, storage, recycling, or
sale of the Navy's wastes) at the Facility. Also provide each such individual's job title, duties, dates
performing those duties, supervisors for those duties, current position or the date of the individual's
resignation, and the nature of the information possessed by such individuals concerning the Navy's
waste management.

Navy Response:

No individual currently has such responsibility. The Navy located no other documents or information
responsive to this question.



Response to Question 43

43. Persons and Sources Consulted in Your Response: Identify all persons, other than counsel, that the
Navy consulted, and all sources that the Navy reviewed in responding to this request, including, but not
limited to:

a. the names of persons consulted, the contact information for such person, and if the person is a
current or former employee, the job title and responsibilities for such persons and the dates of
employment, and identify which questions the person was consulted about; and

b. a description and the location of where all sources reviewed are currently located and the questions
to which such sources relate.

Navy’s Response: In light of the age of the potential documents and information requested, the
contacts listed below were consulted about all questions and the source locations listed below were
reviewed for information related to all questions.

Persons Consulted:

Rick Albert

MSFSC, N7 Director of Engineering
Military Sealift Fleet Support Command
471 C Street, Bldg SP-64

Norfolk, VA 23511

757-443-5957

rick.albert@navy.mil

Date of employment: Current employee, May 2007 - present

David Allen

N43A, Class Manager, Fleet Replenishment Oilers
Military Sealift Fleet Support Command

471 C Street, Bldg. SP-64

Norfolk, VA 23511

757-443-2760

david.g.alleni@navy.mil

Claudio Azzaro

N43E, Class Manager, MSC Special Mission Ships
Military Sealift Fleet Support Command

471 C Street, Bldg. SP-64

Norfolk, VA 23511

Z=asl T)



757-443-2776
claudio.azzaro@navy.mil

Andy Busk

N43C, Class Manager MSC, Dry Cargo/Ammunition Ships and High Speed Vessels
Military Sealift Fleet Support Command

471 C Street, Bidg. SP-64

Norfolk, VA 23511

757-443-2780

andrew.busk@navy.mil

Bonnie Capito

Librarian and NARA Certified Records Manager

Naval Facilities Engineering Command, Atlantic

6506 Hampton Blvd.

Norfolk, VA 23508

757-322-4785

Bonnie.capito@navy.mil

Dates of employment: Current employee, July 1993 - present

Roxanne Davis

Realty Specialist

Naval Facilities Engineering Command, Mid-Atlantic

9742 Maryland Avenue

Norfolk, VA 23511

757-341-2002

Roxanne.davis@navy.mil

Dates of employment: Current employee, September 2007 — present

Deidre D. Fisher

Director of Contracts

Military Sealift Fleet Support Command

471 C Street, Bldg. SP-64

Norfolk, VA 23511

757-443-5877

Deidre.Rumsey-Fisher@navy.mil

Dates of employment: Current employee, July 1987 — present

Aaron Furman

MSC Technical Library Director

Military Sealift Fleet Support Command
9276 Third Ave., Bldg. LP-26



Norfolk, VA 23511-2914
757-443-2627
aaron.i.furmanl@navy.mil

Dates of employment: Current employee, July 2011 — present

Stephanie Harvey

Contract Closeout Specialist

Office of Naval Research

875 North Randolph Street

Arlington, VA 22203

703-696-4524

Stephanie.harvey.ctr@navy.mil

Dates of employment: Current ONR Contractor with 23 years experience

Brian Helland

Remedial Project Manager

BRAC Program Management Office Northeast

43911 South Broad Street

Philadelphia, PA 19112

215-897-4912

Brian.helland@navy.mil

Dates of employment: Current employee, 1986 — present

Mark Helmkamp

N43D, Class Manager, MSC Ocean Tug and Salvage Ship

Military Sealift Fleet Support Command

471 C Street, Bldg. SP-64

Norfolk, VA 23511

757-443-2780

mark.helmkamp@navy.mil

Dates of employment: Current employee, October 2008 — present

Alma Henry

Supervisory Architect,

Acting Asset Management Business Line Team Leader

Naval Facilities Engineering Command, Mid-Atlantic

9742 Maryland Avenue

Norfolk, VA 23511

757-341-1984

Alma.henryl@navy.mil

Dates of employment: Current employee, September 1983 - present




Andrea Hicks

NAVSEA Records Officer

Naval Sea Systems Command

1333 Issac Hull Avenue, S.E.

Washington Navy Yard, DC 20376

202-781-2466

Andrea.hicks@navy.mil

Dates of employment: Current employee, February 2010 — present

Stephen Hoffman

Director, PMO-IT,

IT Manager for Shipyards

Naval Sea Systems Command

1333 issac Hull Avenue, S.E.

Washington Navy Yard, DC 20376

202-781-3377

Stephen.g.hoffman@navy.mil

Dates of employment: Current employee, July 1985 - present

Tonya Kilgore

ONR Records Manager

Office of Naval Research

875 North Randolph Street

Arlington, VA 22203

703-696-4623

Tonvy.kilgore@navy.mil

Dates of employment: Current employee, past 16 years

Thomas Klima

SEA 04X, Installations and Equipment

Infrastructure Management and Shipyard Oversight

Naval Sea Systems Command

1333 Issac Hull Avenue, S.E.

Washington Navy Yard, DC 20376

202-781-1598

Thomas.klima@navy.mil

Dates of employment: Current employee, October 1980 — present

Matthew Kurtz

Product Line Coordinator, Real Estate Contracting Officer
Naval Facilities Engineering Command, Mid-Atlantic
9742 Maryland Avenue



Norfolk, VA 23511

757-341-0283

Matthew kurtz@navy.mil

Dates of employment: Current employee, January 1989 — present

Fred McKenna

Deputy Director

Military Sealift Fleet Support Command
U.S. Navy's Military Sealift Command
471 C Street, Bldg SP-64

Norfolk, VA 23511

757-443-2702
Fred.mckenna@navy.mil

Stephanie Montgomery

Archival Specialist

Washington National Records Center
4205 Suitland Road

Suitland, MD 20746

{301)778-1587

Stephanie montgomery@nara.gov

Diana Nichols-Gilchrist

Contract Closeout Specialist

Office of Naval Research

875 N. Randolph Street

Arlington, VA 22203

{703)696-2573

Diana.nicholsgilchri.ctr@navy.mil

Dates of Employment: Contractor with 38 years experience

Arlyn Penaranda

Enterprise Records Management Assistant

Military Sealift Command

914 Charles Morris Court, SE

Washington Navy vard, 20398-5540

202-685-5308

Arlyn.penaranda@navy.mil

Dates of employment: Current employee, June 2010 - present

Ryan Pierce
Realty Specialist



Naval Facilities Engineering Command, Mid-Atlantic

9742 Maryland Avenue

Norfolk, VA 23511

757-341-2000

Ryan.t.pierce@navy.mil

Dates of employment: Current employee, August 2006 - present

Michael Ricci

N43B, Class Manager, T-AE / T-AOE & T-AGM 25

Military Sealift Fleet Support Command

471 C Street

Norfolk, VA 23511

757-443-2761

michael.riccil@navy.mil

Dates of employment: Current employee, February 1987 - present

Linda Rucker

Business/Financial Manager

NAVSEA Liaison for Environmental, Safety and Health Programs
Naval Sea Systems Command

1333 Issac Hull Avenue, S.E.

Washington Navy Yard, DC 20376

202-781-1807

Linda.rucker@navy.mil

Dates of employment: Current employee, September 1987 — present

Ryan Sasse

Realty Specialist

Naval Facilities Engineering Command, Mid-Atlantic

9742 Maryland Avenue

Norfolk, VA 23511

757-341-2004

Ryan.sasse@navy.mil

Dates of employment: Current employee, April 2009 - present

Matthew Staden

Navy Records Manager

Office of the Chief of Naval Operations,
Director of Navy Staff (Deputy DNS-5)
720 Kennon Street, S.E., Bldg. 36
Washington Navy Yard

Washington, D.C. 20374



202-433-4217
Matt.staden@navy.mil

Kenneth Williams

MSC Enterprise Records Manager

Military Sealift Command

914 Charles Morris Court, SE

Washington Navy yard, 20398-5540

202-685-5718

Kenneth.j.williamsl@navy.mil

Dates of employment: Current employee, February 2004 - present

Dominick G. Yacano

Associate Counsel

Commander, Navy Region Mid-Atlantic

Office of Counsel

1510 Gilbert Street, Bidg. N-21

Norfolk, VA 23511

757-444-1395

Dominick.yacono@navy.mil

Dates of employment: Current employee, September 2010 — present

Stephanie Zamorski

Real Estate Specialist

BRAC Program Management Office Northeast

4911 South Broad Street

Philadelphia, PA 19112

215-897-4905

Stephanie.zamorski@navy.mil

Dates of employment: Current employee, November 1989 - present

Sources Reviewed and Location:
1} Naval Sea Systems Command, Washington Navy Yard, D.C.:

04X1 databases (Installations and Equipment)

NAVAL SO database (Navy Asbestos related documents dating to 1880)
All Access Databases: RG181Shore, RG346NAVORD, RG3130perating Forces, RG19BUSHIPS {containing
drawings, plans, files, contracts, etc. stored at Washington National Records Center)

2) Naval Facilities Engineering Command, Mid-Atlantic, Norfolk, VA:



Building LP-20 {Real Estate Records Archive}

3} BRAC Program Office, Philadelphia, PA:

Electronic and hardcopy records at BRAC Program Management Office

4} Commander Navy Region Mid-Atlantic, Norfolk, VA:

internet search

5} Office of Naval Research, Arlington, VA:

ONR Contract Records and SF 135s {Records Transfer and Receipt). The ONR contracts department just
focated an additional file folder containing a list of ONR contracts dating back to approximately 1946, 1t
is unclear whether the contract records associated with the list still exist. The list does not contain
"accession numbers” needed for archival retrieval. However, some contracts on the list contain “job
numbers” that can possibly be cross-referenced to identify a possible accession number. The records
associated with the identified accession numbers would then have to be ordered from the Washington
National records Center and reviewed. [t is anticipated that this process may take a month or more and
the response will be supplemented as soon as possible.

6} Washington National Records Center, Suitland, MD:

Search for items identified in ONR Search {Accession Number W298-0005411 under SF 135 dated 16
November 1950; Accession Number W298-0007718 under SF 135 dated 2 October 1952; Accession
number W298-0010019 under SF 135 dated 14 June 1954). Multiple boxes requested from National
Records Center were received by ONR during the week of January 23, 2012 and are in the process of
review. Nine boxes have been reviewed and 38 remain for review. The majority of the boxes contain
classified material and all boxes and documents are in a deteriorated state. Review and possible
production of documents presents challenges. It is anticipated that the review of these boxes will be
completed by February 1*'. This response will be supplemented as soon as possible to address any
responsive information found in these sources.

7} Naval Facilities Engineering Command, Atlantic, Norfolk, VA:



NAVFAC electronic files, index of maintained hardcopy files, NARA Online information for 3 Naval
District

8) Military Sealift Fleet Support Command, Norfolk, VA:

Hardcopy and electronic files at MSFSC offices in Norfolk

9) Military Sealift Command, Washington Navy Yard, D.C.:

Review of SF 135s (Records Transfer and Receipt)



CERTIFICATION OF ANSWERS TO REQUEST FOR INFORMATION
NEWTOWN CREEK SUPERFUND SITE

State of U‘|"u‘)t"-"“'.m"
County of __}) MQH—QL

[ certify under penalty of law that I have personally examined and am familiar with the
information submitted in this document (response to EPA Request for Information) and all
documents submitted herewith, and that based on my inquiry of those individuals immediately
responsible for obtaining the information, I believe that the submitted information is true,
accurate, and complete, and that all documents submitted herewith are complete and authentic
unless otherwise indicated. Iam aware that there are significant penalties for submitting false
information, including the possibility of fine and imprisonment. I am alse aware that the Navy is
under a continuing obligation to supplement its response to EPA's Request for Information if any
additional information relevant to the matters addressed in EPA's Request for Information or my
Navy's response thereto should become known or available to the Navy.

Cobep 7 G _ScHIRMER
NAME (print or typs)

ENVIRowmenTot Res7pnpTion PLC
TITLE (print or type)

NAVIBL _MYD- LT
NAVY NAME
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SIGNATURE

Sworn to before me this <7 ki day of Janug 01 2%
Notary Public

My commission expires: __// / s 0/ 20/3
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Destroy 2 years after approval or disapproval. (N1-
MNU-89-4}

b, Correspondence or Memoranda. Records
pertaining to awards from other government agencies or
private organizations.

Destroy when 2 years old. (N1-NU-89-4)

2. Length of Service and Sick Leave Awards Fille. Records
including correspondence, memoranda, reports,
computations of service and sick leave, and list of
awardees.

Destroy when | year old. (N1-NU-89-4)

3. Letters of Commendation and Appreciation. Copies of
letters recognizing length of service and retirement and
letters of appreciation and commendation for
performance. {Exclude copies filed in the Official
Personnel Folder (OPF}.)

Destroy when 2 years old. (N1-NU-89-4)

4. List or Indexes to Agency Award Nominations. List of
nominees and winners and indexes of nominations.

Destroy when superseded or obsolete. (N1-NU-89-4)

5. Departmental Level Awards Files. Records relating to
awards made at the departmental level or higher
{Presidential, Secretarial, eic.).

PERMANENT. Transfer to FRC when 4 years old.
Offer to NARA when 28 years old. (N1-NU-89-4)

SSIC 5062
CHRISTENIN MONI D S
RECORDS

Name and Sponsor Files. General Correspondence
pertaining to Christening Ceremeonies,

PERMANENT, Retire to WNRC when 4 years old.
Transfer to NARA when 28 years old. (N1-NU-8%-4)

SSIC 5070

LIBRARIES AND LIBRARY SERVICES RECORDS

These Records are Accumulated by Librarians or Others
Responsible for Maintaining Library Collections.

i. Library Cataleg and Source Cards, List Books,
Magazines, Reports, and Other Library Materfals.

Destroy Immediately after all copies of publications
are withdrawn from the library cellection. Transfer
catalog cards for any material transferred to NARA
with records. (N1-NU-89-4}

2. Shelf Lists. Records of all documents making up library

{11-5-6
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collections.
Destroy when library is disestablished. (N1-NU-89-4)

3. Chargeout Records. Chargeout cards or other records
of material on loan, waiting lists, overdue notices, and
other similar control records.

Destroy when document is returned or inventoried,
after chargeout card is filled, or after appropriaie
action has been taken. (N1-NU-89-4)

4, Inter-Library Loan Logs or Other Similar Records.
Destray when 4 years old. (N1-NU-89-4)

5. Technical Publications Library (TPL) Records. Flles
consist of publications designated as Code 4 publications in
the Navy (forms and publications) supply system and other
similar non-Communications Material System (CMS)-
distributed publications and accumulated by commands
and by other naval activities and offices.

a, Transaction Files. Copies of sll correspondence
pertaining to the handling of the TPL publications,
including local memoranda, allowance Hsts, and change
entry certification forms.

Destroy when 2 years old. (N1-NU-894)

b. Custody Record Files. Files of TPL catalog cards
for each basic publication under control in the TPL.

Destroy 2 years after publication is transferred, lost or
destroyed. (NI-NU-89-4)

¢. Change Entry Certification Forms. Upper portion.
of form used as receipt for change. (Bee also SSIC
5070.5a.)

Destroy when date of change entry [s made on TPL
catalog card. (NI-NU-89-4)

d. Inventory Reports of TPL Material on board.
Destroy when 2 years old. (NI-NU-894)

8SI1C 5080

CIVILAFFAIRS MILITARY GOVERNMENT,
RECORDS

1. The U.S. Army has Lead Responsibility for the DOD
Civil Affalrs and Military Gevernment Program,

Apply Army Record Information Management System
(ARIMS} (AR) 25-400-2 for descriptions of records
and disposal authorities. (NI-NU-8%4

SSIC 5090

GENERAL ENVIRONMENTAL PROTECTION

RECORDS



I, Drinking Water Records. Forms and correspondence
documenting results of tests, analyses, and measurements,

a. Bacteriological Results.

Destroy when 5 years old. (N1-NU-89-4)

b. Chemlical/Physical Results.

Destroy when 10 years old. {NI-NU-89-4)
2. Hazardous Waste Records.

a. Manifests and Coples of Reports Submitted to
Environmental Protection Agency (EPA).

Destroy when 3 years old. (N1-NU-89-4)
b, Test Results or Waste Analyses.

Destroy 3 yesrs after waste Is sent to 2 Treatment
Storage Disposal (TSD) facllity. (N1-NU-89-4)

¢. Transporter Records. Copies of manifests signed by
the generator, transporter and TSD facility
owner/operalor.,

Destroy 3 years from date of acceptance by original
transporter. (N1-NU-89-4)

d. Inspection and Maintenance Records of PCB
Transformers or Electromagnets.

Destroy 3 years after disposal of
transformer/electromagnet. (N1-NU-89-4)

¢ PCB Inventory, Validation and Accountability
Records.

Destroy when 3 years old. (N1-NU-83-4)

3. Hazardous Substance Records. Includes reports and
other records required by the Comprehensive
Environmental Response Compensation Liability Act,

Retire to nearest FRC 3 years after completion of
response action, Destroy when 8§ years old. (N1-NU-
§9-4)

2. Management Plans and suppert documentation,

Destroy when superseded or obsolete whichever is
loter, (N1-NU-89-4)

4. Geners} Environmental Reports and Documentation
Not Covered Elsewhere in this Manual. Includes
environmental assessments; environmental impact
statements; life-cycle analyses; documentation of
complisnce/noncompliance; documentation required by
the Army Corps of Engineers; site [nspections;
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communications with non-DOD Federal, State, Local and
Fareign environmental suthorities; and all other
documentation requlred by law, regulation, and executive
order, including reports to the EPA. Records include the
affect of activities on air quality; tideland and fresh water
wetland resources; wildlife; protected threatened, and
endangered species; woodland resources; coastal and
contiguous zone waters; noise levels; farm land; private
property; land/property of historical/archeological value;
and toxle waste sites. Note: current edition of OPNAVY
INSTRUCTION 5090.1 contains up-to-date lists of current
laws, executive orders, regulations, and directives.

Retire to nearest FRC when 5 years old. Destroy when
30 years old. (N1-NU-89-4)

5, Contrel of Lead and Copper. Marine Corps owned and
operated public water systems In the United States subject
to the Lead and Copper Control requirements must retain
original records of all sampling dats and analysis, reports,
surveys, letters, evaluations, schedules, state
determinations, and any other information requires in 40
CFR 141.81 through 40 CFR 141,38,

{Note: Electronic version of records created by electronic
mail and word processing application: Delete when file
copy Is generated or when no longer needed for reference
or updating.)

Retire to FRC after 3 years and destroy after 12 years.
(N1-NU-00-1)

SSIC 5100
SAFETY AND QCCUPATIONAL HEALTH RECORDS

The records described in this paragraph are accumulated
throughout the DON by activities and offices concerned
with safety matters for Milltary and Civilian Personnel.
(See SSIC 6200.2.)

1. General Correspondence Files of Activitles and Offices

and Other Organizational Units Concerned with Safety

Matters relating to Clvilian and Military Personnel,
Destroy when 1 years old, (NI-NU-89-4)

2, Safety Enginecrs Reports of Inspection and related
Correspondence and Papers Reflecting Recommendations
and Results.

a. Naval Activities.

Destroy when 3 years old or upon discontinuance of
facility, whichever is earlier, (N1-NU-89-4)

b, Privately Owned Facilities Assigned Security
Cogaizance by DON.

Destroy when 4 years old or security cognizance Is
terminated, whichever is earlier, (N1-NU-89-4)



FEDERAL ACQUISITION REGULATION

SUBPART 4.8 - GOVERNMENT CONTRACT FILES

4.B05 Storage, handling, and disposal of contract files.

{a} Agencies must prescribe procedures for the handling, storing, and disposing of contract files. These
procedures must take into account documents held in all types of media, including microfilm and
various electronic media. Agencies may change the original medium to facilitate storage as long as the
requirements of Part 4, flaw, and other regulations are satisfied. The process used to create and store
records must record and reproduce the original document, including signatures and other written and
graphic images completely, accurately, and clearly. Data transfer, storage, and retrieval procedures must
protect the original data from aiteration. Unless law or other regulations require signed originals to be
kept, they may be destroyed after the responsible agency official verifies that record copies on alternate
media and copies reproduced from the record copy are accurate, complete, and clear representations of
the originals. Agency procedures for contract file disposal must include provisions that the documents
specified in paragraph (b} of this section may not be destroyed before the times indicated, and may be
retained longer if the responsible agency official determines that the files have future value to the
Government. When original documents have been converted to alternate media for storage, the
requirements in paragraph (b} of this section also apply to the record copies in the alternate media.

{b} If administrative records are mixed with program records and cannot be economically segregated,
the entire file should be kept for the period of time approved for the program records. Similarly, if
documents described in the following table are part of a subject or case file that documents activities
that are not described in the table, they should be treated in the same manner as the files of which they
are a part. The retention periods for acquisitions at or below the simplified acquisition threshold also
apply to acquisitions conducted prior to July 3, 1995, that used small purchase procedures. The
retention periods for acquisitions above the simplified acquisition threshold also apply to acquisitions
conducted prior to July 3, 1995, that used other than small purchase procedures.

——

Document Retention Perlod

———

{1} Records pertaininé-t_o Contract Disputes Act actions. {6 years and 3 months after final action or
decision for files created prior to

October 1, 1979, 1 year after final action or
decision for files created on or after
October 1, 19783,

{2} Contracts {and related records or documents, 6 years and 3 months after final payment.
including successful proposals) exceeding the simplified
acquisition threshold for other than construction.




(3) Contracis {and related records or documents,
including successful proposals) at or below the simplified
acquisition threshold for other than construction.

{4} Construction contracts:

3 years after final payment.

{i} Above $2,000.

6 years and 3 months after final payment.

{ii) $2,000 or less.

3 years after final payment.

{iii} Related records or documents, including successful
proposals, except for contractor's payrolls (see

(b)(4)(iv}).

Same as contract file.

{iv} Co—r;_tractor‘s payrolls submitted in accordance with
Department of Labor regulations, with related
certifications, anti-kickback affidavits, and other related
papers.

3 years after contract completion unless
contract performance is the subject of an
enforcement action on that date,

{5) Solicited and unsolicited unsuccessful offers,
quotations, bids, and proposals:

(i} Relating to contracts above the simplified acquisition
threshold.

If filed separately from contract file, until
contract is completed. Otherwise, the same as
related contract file.

].(}i) Relating to contracts at or below the simplified
iacquisition threshold.

—

1 vear after date of award or until final
payment, whichever is later.

{6) Files for canceled solicitations,

5 years after cancellation.

{7) Other copies of procurement file records used by
component elements of a contracting office for
administrative purposes.

Upon termination or completion.

{8) Documents pertaining generally to the contractor as
described at 4.801(c}{3).

Until superseded or obsolete,

{9} Data submitted to the Federal Procurement Data
System {FPDS). Electronic data file maintained by fiscal
vear, containing unclassified records of all procurements
:other than simplified acquisitions, and information

5 years after submittal to FPDS,




reguired under 4.603.

{10} investigations, cases pending or in litigation
{including protests), or similar matters.

Until final clearance or settlement, or, if
related to a document identified in (b)}{1} - (8},
for the retention period specified for the
related document, whichever is later.




400 TRUCKS RUSR
NAVY OL T0 HOMES

585,000 Gallons of Emergency'
. Fuel Delivered in Day—East
Coast Exports Embargoed

By CHARLES GRUTZNER

Four hundred fuel trucks drained
585,000 gallons of Navy oil yester-
day frem seven storage terminals
and delivered it to homes through-
‘out: the city on emergency authori-
zation from the police, as the cold
spell continued.

In one of the busiest days of the
winter, the Mayor's Emergency
Fuel] Committee issued certificates
to 439 dealers permitting oil with-
drawals from the police-supervised
|pool. These withdrawals included
132,000 gallons of kerosene,

Six other terminals, designated
to help dispense the Navy oil, had
not received their share of the
2,730,000 gallons of Diesel oil lent
for distribution in this city. They
are expected to get it today.

An embargo on all fuel oil ex-
ports from East Coast ports was
established yesterday by the De-

Continued on Page 3. Column 1

Ehe New Hork Eimes
Published: February 10, 1948
Copyright © The New York Times
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NAVY SEEKS MASPETH SITE

Hawkes Tells of $5 000, 000 Plan
to Buy Supply Annex

WASHINGTON, Dec., 24 (&) —
The office of Senator Albert W.
Hawkes, Republican, of New Jer-
sey, sa1d today that he had been
informed that the Navy proposed
in its budget for next year to buy
for $5,000,000 =a property now
leased at Maspeth L. 1., as a sup-
ply annex for the Brooklyn Navy
Yard.

An aide to Mr. Hawkes said the
Navy was using the property as a
storage depot at a yearly rental of
$163,000.

Two aluminum meltmg pla.nts,
erected during the war are on the
site. A spokesman for the War
Assets Administration said the
Navy had been leasing the area
since the war and would continue
to do so until June, 1948. He said
no negotiations were under way
concerning sale to the Navy.

Mr. Hawkes’ office said that 23.2
acres of the 180-acre property have
buildings from which all machinery
has been removed and that the
property was assessed by the City
ngNew York Iast year at $6,600,-

0

A spokesman for the Navy said
the property now was owned by
the Reconstruction Finance Cor-
poration. , -

Ehe New Hork Times
Published: December 25, 1947
Copyright © The New York Times



HyperWar: US Navy Bureau of Ordnance--Guns and Mounts Chapter II Page 1 of

United States Naval Administration in World War i

Bureau of Ordnance
Guns and Mounts

Nl’;. 75

Small Arms

Chapter II

a. Definition and Procurement Summary

Small arms include guns of caliber .60 and smaller. The principal weapons in this category are
Springfield, Garand, and Enfield Rifles, Colt
Pistols, revolvers, sub-machine suns, automatic rifles, caliber .30 and caliber .50 machine

guns.[1]

The field of small arms furnished an excellent example of procurement by one Service for
both. Compared with the Army, Navy requirements were relatively small, and hence
procurement of these weapons was centered in the Army. This policy made for inter-
changeability of material, and facilitated the solution of supply problems in that competition
for available sources and facilities capable of producing this special material as eliminated,
however, in cases involving non-common small arms, the Bureau of Ordnance initiated direct
procurement and informed the

Ordnance Department, War Department of such orders.[2]

During the course of the War Army procurement of major small arms for Navy use totaled:|3]

Caliber 30 MG M191914 65,272
Caliber .30 M2 Trips Mount 24,003
Caliber .45 Thompson Sub-Machine Gun 183,973
Caliber .30 Rifle M1903 330,582
Miscellaneous Rifles

BAR M1918A2 41,808
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Carbine, Caliber .30 M1 808,372

Target, Caliber .22 60,968
Automatic Pistols

Caliber .45 Colt 441,998

Caliber .22 Colt Ace/Hi Standard 60,289
Caliber .38 Revolver 228,780
12 Gauge Shotgun, Riot Type 81,225
Bayonet M1 279,000

Navy procurement of non-common small arms, with the exception of caliber .50 mounts, did
not bulk large and consisted in the main of direct purchase of certain types of caliber .30
machine gun mounts and caliber .38 Smith and Wesson revolvers.

The Marine Corps procured its enormous requirements for small arms directly from the Army.
b. Procedure for Small Arms Procurement.
The Planning Division of the Bureau was charged

-

with the responsibility of presenting Navy small arms requirements to the Army Service
Forces for acceptance. As a rule these requirements were estimated twelve months in advance.
[4] Once received by the Army Service Forces, Navy needs were combined with those of the
Army and other Service branches. The final production program, determined by ASF on the
basis of these figures, was certified to the Industrial Division of the Office of the Chief of
Ordnance, War Department, for the placing of contracts. Upon receipt of the notice that Navy
requirements had been accepted by the ASF, the Bureau of Ordnance (Production Division)
placed Navy orders with the Chief of Ordnance, War Department, for each item in the
quantity included in the published and accepted requirements. This order made Navy funds
available to the War Department. The War Department was then committed to make monthly
deliveries in accordance with these orders and with the published and accepted Navy
requirements. However, since the requirements were calculated, submitted, and accepted for
delivery twelve months in advance, errors were

inevitable, and requirements had to be revised periodically, usually every three months or
even monthly on critical items. The enormous quantities needed, plus the constantly changing
requirements, made it almost impossible to keep production abreast of demands. For this
reason it was necessary to allocate the material to the Services on the basis of a ratio of total
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requirements to total production.

The actual monthly deliveries of small arms were not Initiated by the War Department until
after the monthly meeting of the Joint Allocation's Committee at which time the quantities
actually available for delivery were determined. Upon the receipt of its allocation, the Bureau
(Production Division) issued shipping instructions to the War Department. Theoretically the
War Department was then obligated to make delivery in accordance with these instructions
within forty-five days; that is, all material allocated for one month had to be delivered not
later than the 15th of the following month. When the material was actually delivered it was
turned over to the Maintenance Division for issue and distribution.

Briefly summarized, responsibility for small arms procurement was as follows:
Planning Division

Calculated, revised and maintained a statement of requirements formulated
twelve months in advance. Obtained monthly allocations for necessary items.

Production Division

Placed orders, and by revision, maintained quantity on order of each item in
accordance with the latest revised requirements. Issued shipping instructions and
expedited deliveries of all items. Kept records of actual deliveries and made the
distribution of funds to the proper appropriation.

Maintenance Diversion

Handled the issue and distribution to activities within the Navy.

9.

c. Problems

The consensus in the Bureau was that on the whole the small armS procurement program
functioned relatively smoothly. It was true that difficulties were encountered from time to
time, but compared with the over-all accomplishment such difficulties did not bulk large. One
of the most frequent irritations sprang from the fact that it was often necessary for the Navy to
accept allocations less than the published and accepted requirements, particularly on such
items as rifles, carbines, and caliber .45 pistols. In other cases the Army was slow in making
deliveries and exceeded he forty-five day period allowed after allocations were determined.
Spare parts, packaging, and small arms ammunition were also subjected to criticism.
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|. Spare Parts

Initially, weapons were received from the Array along with what was known as concurrent
and maintenance spare parts, the items and quantities of which varied from time to time.[5] In
many instances, delivery of

= F0--

spare parts was not actually made at the time the weapons were shipped to the Navy. Under
this system it was impossible for the Bureau to perform adequate follow-up on deliveries and
to prevent the accumulation of surpluses. At the Navy's request the Army agreed to deliver the
weapons minus the spare parts.

Under the new agreement spare parts were procured from the Army on the basis of actual
Navy requirements based on allowance lists and requisitions. The Naval Supply Depots,
Norfolk, Virginia, and Oakland, California, were given authority to procure spare parts direct
from the Army to maintain established stock levels without further reference to the Bureau.
Arrangements were made with the Marine Corps Liaison Officer at Rock Island Arsenal, the
originating point for Army shipping orders, to follow up Navy orders. It would have been very
advantageous to have had a Navy Liaison Officer at Rock Island since, as might be expected,
Navy business was processed after that of the Marine Corps.

2. Supply and Repair

Experience demonstrated that handling of small arms as standard stock at Naval Activities
was

i

not satisfactory. The establishment of separate ordnance sections at the major supply depots at
Norfolk and Oakland, with ordnance trained personnel in key positions, did much to improve
the supply system.

Small Arms Repair Shops were also set up at the Naval Supply Depots, Norfolk and Oakland,
as well as at the Navy Yard, New York (Maspeth Annex) and the Naval Supply Depot, Guam.
These shops were equipped to complete major overhaul, inspection, and packaging."[6]

3. Caliber .38 Special Ammunition Assembled with (Unjacketed)

In the late summer of 1941, it was recognized that the Navy's stock of caliber .45 Colt
Automatic Pistols together with expected deliveries would not be adequate to meet anticipated
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requirements. Although the caliber .38 Special Smith and Wesson Revolver was not a
standard issue for the Navy, it was necessary to procure this weapon in large numbers if
requirements for side arms were to be met.

At the time of initial procurement, COMINCH

ol

(Readiness) authorized Issues of the weapons to activities of the Continental Naval Districts in
order that caliber .45 Pistols assigned to those districts could be released and made available
for issues to personnel proceeding to combat areas. After this replacement, additional
requirements for caliber .45 Pistols for Naval Construction Battalions could not be met and
consequently Cominch (Readiness) authorized the issue of caliber .38 Revolvers to the Chief
Petty Officers of these battalions. Shortly thereafter, the Bureau of Ordnance, in compliance
with a request from ComAirPac, authorized the issue of caliber .38 revolvers to aircraft crews
under orders to proceed to overseas bases.

The only ammunition available for use in this revolver was assembled with unjacketed (lead)
bullets. The Bureau, questioning the advisability of issuing this ammunition in view of the
provisions of the Hague Convention communicated with Cominch concerning this problem.
Cominch in turn requested VCNO to verify a report that British personnel captured by the
Germans had been summarily shot because they had unjacketed (lead) ammunition in their
possession.

- ]3--

ALUSNA London reported that no confirmation could be given this report. However, due to
the highly critical shortage of side arms, it was impractical to withdraw completely caliber .38
Special Revolvers and unjacketed ammunition pending production of caliber .38 Special
ammunition assembled with Jacketed bullets.

In August 1943, a communication from Commander Fleet Air, South Pacific, reported that the
13th Air Force (Army) had ordered all caliber .38 Revolvers turned in pending receipt of steel
Jacketed ammunition. It was also stated that Army sources in that area had received reports
that captured allied personnel had probably been shot because they were equipped with
unjacketed ammunition. In the same communication, Commander Fleet Air, South Pacific,
recommended that similar orders be issued to Naval Forces, if applicable. The Bureau
promptly prepared and distributed Circular Letter A103-43 dated September 27, 1943,
specifically prohibiting the possession or use of caliber .38 Special unjacketed (lead)
ammunition by Navy personnel assigned to duty beyond the continental limits of the United
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States.

) =

It was not long afterward, however, that caliber .35 Special ammunition assembled with
jacketed bullets was available in sufficient quantities for general issue.[7]

4. Belted Ammunition

The requirements of both the Army and Navy for caliber .30 and caliber .50 ammunition for
use in aircraft machine guns became so enormous during the summer of 1941 that the Army
decided to belt the ammunition at the time of manufacture. The belted ammunition was
packed in terne-plate lined containers, and later, in wax dipped cartons which were packed in
wooden boxes.

The Army's decision to pre-belt resulted from Its desire to provide active areas with machine
gun ammunition which would be ready for immediate use. The Army expected that the good
condition of the ammunition would be protected by packing in sealed container; and the then
popular ratios for belting the various calibers would remain in favor indefinitely and, further,
that ammunition pre-belted in such ratios

—]15--

could be used effectively regardless of the nature of the various missions to be performed.
However, experience proved these expectations were fully realized.

Early in 1943 the Army requested information as to whether the Navy's ammunition
requirements for the calibers .30 and .50 machine guns should be factory belted. The
practicability of adopting pre-belted ammunition for Navy use was considered by technical
groups in the Bureau and the following advantages and disadvantages established:

Advantages

(a) Ammunition is ready for Immediate use without the necessity for belting thus
effecting a saving in time and effort.

(b) If rounds are properly seated in links after handling and shipment and the
belting ratios are considered effective for the mission to be performed, it is not

necessary to open sealed containers and thereby expose the ammunition until it is
actually required for loading in planes.

—-16--

http://www.ibiblio.org/hyperwar/USN/Admin-Hist/075-Ordnance/075-Ord2R .html 1/23/2012



HyperWar: US Navy Bureau of Ordnance--Guns and Mounts Chapter II Page 7 of 8

Disadvantages

(a) In many cases pre-belted ammunition,in ratios that were prescribed as much
as one year previously, will not meet new requirements, It requires considerable
more effort and time to remove rounds and re-belt than to belt ammunition in
desired ratios from separately packed types.

(b) The ammunition often arrives in a badly corroded condition due to the
exposure to atmosphere caused by piercing of terne-plate liners by projectiles,
electrolysis set up by contract of steel links with brass cartridge cases, and the
occasional use of unseasoned wood blocks for interior packing.

(c) When it is necessary to classify any lot of ammunition as Grade 3,
(unserviceable), all other lots with which the defective lot is belted is affected.

]7--

(d) Pre-belting ammunition involves special purpose ammunition. The greater the
variety of special purpose ammunition the greater the total quantity of stock that
must be kept on hand.

(e) The component of belted ammunition which is most subject to corrosion is the
metallic link. If links are furnished separately they can be set aside readily
without rendering ammunition unserviceable due to corroded links.

At a conference which was attended by representatives of COMINCH. (readiness), the Chief
of Naval Operations, and the Planning and Maintenance Divisions of the Bureau, these
advantages and disadvantages were weighed carefully and the decision made that factory-
belted ammunition would not be procured by the Navy. It was decided that the Navy would
procure the various types of aircraft macHine gun ammunition unbelted, and that upon
specific requests, combat-loaded movements only would be furnished whatever portion of
their aircraft

-18--

ammunition was required for immediate use. Accordingly, Bureau of Ordnance Circular
Letter A9-44, dated February 15, 1944, was prepared and distributed to acquaint the Naval
service with this policy. However, in October 1944, the Commander in Chief U. S. Fleet,
made exception of this policy and directed that the Bureau of Ordnance supply pre-belted
ammunition to AE's and AKE's for replenishment of Fast Carrier and Bombardment Groups,
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and for Initial use in Combat-loaded movements. These requirements were so great that, in
order to meet them, it became necessary for the Navy to obtain pre-belted ammunition directly
from the Army.[8]

5. Packaging

Late in 1942 an ever increasing number of reports were received from Navy activities in
advanced areas which indicated that small arms and metallic belt links were not adequately
packed to withstand service conditions. The Bureau contacted the Ordnance Department, U.
S. Army, early In 1943 to acquaint that department with the contents of these reports; to make
known the Navy's packaging requirements; and to attempt to obtain ammunition and links
packed to meet Navy

—]9--

requirements.

The Navy was unsuccessful in obtaining an early solution to this packing problem.
Consequently in the fall of 1943, the Navy Department placed a development contract with
the Coolerator Company of Duluth, Minnesota, for the design of an acceptable small arms
ammunition shipping box.

The final design of this box embodied a metal container with clamp-down, self-sealing lid. A
contract for the manufacture of 50,000 boxes was placed with the National Enameling and
Stamping Company of Long Island, New York. Complete drawings and specifications of this
box, officially designated the Small Arms Ammunition Box, Mark 1, Mod 0, were transmitted
to the Ordnance Department, War Department, accompanied by a statement of Wavy
requirements and a request that immediate action be taken to establish production lines to
meet these requirements. The Army set up the required facilities, and before the expiration of
the program supplied the Navy with 1,200,000 of these boxes.[9]
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Aluminum Leases Ended
To Create ‘Competition’

Government-Owned Plants Will Be Taken
by RFC Nov. I, Company Having Rejected
Offer for Temporary Operation

Special to THE Naw Yory Tives,
WASHINGTON, Sept. 7—In a competition in the aluminum in-

move designed to create “competi- dustry.”
tion in the aluminum industry,” The action was taken upon the

the Reconstruction Finance Corpo- ; erco‘;ne‘;?;ngigfg t}(;f gl«l% StuiP;us
. . , the stated,
ration %ms ended lt_s lease agree- The agency disclosed that, in the
ment with the Aluminum Company notice of termination which had
of America in respect fo Govern- been sent to Alcoa, it had of-
mert-owned aluminum - reduction fered to make an arrangement al-
plants and related facilities. Ter- lowing the company to continue
mination of the agreement will be- operation of any or all of the
come effective at midnight, Oct, Plants for one year, beginning
31, Sept. 1, upon the terms of the ex-
Under the agreement, the RFC isting lease, subject to termination
stated, Alcoa would have been in upon sixty days' notice.
control of the plants until various Alcoa replied, in declining to
dates in 1947 and throughout 1948, accept the offer, that such a lease
thereby creating a situation which Would be in fact a sixty-day lease
would have made it impossible to “2nd would leave our company in
make immediate arrangement for Such an impracticable operating
the sale or lease of the plants to position that we cannot enter into
others so long as the lease was in @0V such arrangement.”
effect. In its announcement of the can-
As a result, the agency said that cellation of the aluminum lease the

the lease was being terminated Fe‘fleral agency said: ‘
“for the purpose of freeing the The Reconstruction Finance

plants from the Alcoa agreement COrPOration announced today that
so ‘that they conld be disposed of it had terminated its lease agree-

in a manner which would create Continued on Page 11, Column 4

Ehe New Hork Eimes
Published: September 8, 1945
Copyright © The New York Times



‘ALUMINUM LEASE
ENDED BY RF

l:m“lnu«ed mm rsga 1

woduln
ownui

caplial for Government-|
abricating plants, |
The company's statement anald

the Government had recelvad about

$30,000,000 from operalions of Lhe
leased plants.

Alcos In Anth-Trust Battle
of the R ue-

ment with the A L&

of America,

¥

The
u-nn Finance Corporation to cancel

with the Aléminum

Oct. 31, 1945, with respact to l-M {:empnny of America follows n

alyminum reduction planis and re-
inted fucilities at Jones Mills,
Atk Los. Angeles, Calil; M
sena, N. Y., Spokane, Wash,;

Troutdaie, Ore. and the .Almnln-
planta at Hurricans Creek. Ark,

and Baton Rouge, La.

“This aclion, It war & d, was
taken on the recommendation of
the Surpius Property Board Un-
der the lease, Alcom would have
been in control of the plants untll
various dater imte In 1947 and
throughout 1948 It would, there-
fore, have been Impoasible to make
Iimmediate arrangement for \he
male or lease of Lhe plants Lo olliers
so long as the leasc was In effect

*“The lease was terminated for
the purpose of frecing the plants
from the Alcos mgreement so that
they could be disposed of In &
manner which would creale

cam: Mellon

long legal battie in which the De-
pariment of Juatice has been sech-
. Ing to diasolve the company and
lo rearrange ila property because
wWas Iugﬂt to be a monopaly
Jn viol of the anti-trust lawa
In Apﬂf 1837, the Justice Dc
ritment filed suit in Federal
ourt here against Lhs company.

In an oral opinion by Federal
Judge Caffey In Cctober, 1841, the
decision waa given in faver of the
company. However, the case wax
peajed by the and
on March I.'J "Ill yeAr & npml]
United States Clrcuit Conrl of Ap-

Bl court uid not uphold
the Government's contention thal
the disaclution of the company
should be ordered but remanded
the case to the District Court In
Mew York to determine whether
eventually some sort of dissolution
would be proper.

The company, controlled by Lhe
Illterllu of Plttaburgh,
of the

petitlon in the Industry ¥

“The Covernmant mgencles con
cernied have taken this course I
an effort te conform to the recen
decision of the Unlted Biates Cir
cult Court of Appeals for the sec
ond clireult and to provide addi
tional sources of supply of this ma
20 easentinl 1o the nationa

¥
FC released the attached lat
ter sddressed to Arthur V. Davis
chalrman of Alcos, and which ac
companied Lhe notice of ltermina
tlon.

aluminum Indllllrv in the United
Btates. From Il start (o 1888 i1
has dominated (he induatry, a post-
tion which attalned through the
Requisition of m patent covering the
electroiyilec procean for Lhe reduc-
tien of wluminum from bawxite.
However, the banlc patenta expired
in 1908 and 1917

Alcoa is engaged In all phases
of production [rom the mining ot
the bauxite ore o the manufac-
ture of the finished fabricaled
producis. Because of the increased
d d 1 ariicu:

“The notlee of Ler aen
to Alcoa offered to make an m
rangement whereby Alcom woul
be parmiited lo continue lo operal
any or ali of the plants for or
yebr, commencing Sept 1. 104
upon the lerms and condillions ¢
the exiating lease, except that th
arrangement could be terminale
on alxty days' wrilten notice &
elther parly.

“This ofter was ﬂ'lll‘l! In the hoj

or 1ta

Inrty in the llrcrll'l field, the com-

llln!d lor to the sntrance of

the Siates into the war

completed a flve-yerr expanalon

uro!um at & total cosl in excess
m‘. which more than

d it
Refle:ung the ﬂtpmulnn prn
gram and the heavy demand for
mluminum for war purposes, Lhe
net Income of the company last
your d Lo $31,603,000 nfter

that In the
ing employment it would b po
slble to arrange for Lhe operatic
of the plants by Alcos on a ten
porary Alcas has |nformi
represen’ s of the RFC thi
it Is not Interested in making ¢
arrangement of sny Kind for 11
ary operation of the

F‘otlowln; In the text of a leil
sent to the Aluminum Company
America by the RFC» gener
counsel, John D. Goodloe:

"Auxual. 30, 1945,
“Dear Mr, Davis:

“Thia I8 to confirm the follo:
your Wuhlr? ‘representative,
an executed duplicate copy of the
enclosed notice of termination of
RFC's agreement of lemse daled
Aug. 19, 1841, with the Aluminum
Compsny of America covering cer-
tain aluminum reduction plants and
certaln alumina plants:

1. Because of the Ume element
we are giving the notlce of termi-
nation now for the purpose of pro-
tecting and preserving what we
think are our legal rights under
the contract.

“2, We are perfeclly willing and
indecd are anxious to discuss the
matler with you and your stlor-
neys and if possible to adjust the
whole matter of nn smicable busin

“3. In the event we Can srrive
at n mutually satisfactory basis
for adjuating the matlter or should
you convince us that we are u.'ronﬁ
In our present Ition, wa will
withdraw the notice of termination.

“While 1 ain certaln thal Mr.
Hall will convey thla information
to us requeated, I am taking
the liberty of confirming It to you
directly because we do not want
you Io [eel that todsy's notice of
terminalion s belng given In a
spirit of entagoniam.”

In the company’s atatemenl that
ita wartime operation of all Gov.
ernment.owned aluminum  smelt-
Ing and alumina plapts  was
ending Oct. 31, It was sald that
AFC had canceled |emscs previ-
ously on plants sl Mas-
Elﬂ‘h N. Y. Burlington, N. J, and

{verbank, Calif.

Volume Preduction for War

The plants have & tolal annusl
capacity In excess of 1,250,000,000
pounds of aluminum and 2500,
000,000 pounds of alumina, which
i reflined bauxite from which
wluminum ls extracted, The com-
pany produced 4,000,000,000 pounds
of sluminum for war from thess
smelting plants,

The company bullt the plants for
the Government and operated them
under wartime leases. Thelr cost
‘was nearly $230,000000. Accord-
Ing to Alcos, the company bullt
them without profit and furnished
about $30,000,000 in working copl-
tal for thelr operation In addition
1o furnishing about §175,000,000 in

smeltin,

cherges and taxes, equal afler pre-
ferred dividend payments, to §5.45
& common share. This compared
with §40,258,000 “in 1843, In the
immediate prewir ye earninga
wera much amaller, ting lo
315,663,000 in 1938, In 1032
the company reporied a deficit of
$2.172,000

The balance sheet of Alcoa ul
the close of lsal yenr showed cur-
rent aasels of 3208,228,000 and
total mssets of S4T4185000 At
that thne, the company had §115,-
539,000 of long-term debt oulstand-
Ing.

bt New JorkEbues
P it Sagtweven § 1S
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NAVY NAMES YARDS
FOR POST-WAR USE

Tells Senate Committee It Asks
‘Private Firms to Maintain
Units for Emergencies

WASHINGTON, Sept. 24 ()
The Navy's Bureau of 8hips dis-
closed to the House Naval Com-~
mittee today plans te retain the
following activities during the post-
war years: o

Industrial Activities
Navy ¥Yard, Portsmouth, N. H., with Sommers-
worth annex.
Boston MNavy Yard.
South Boston naval drydocks.
New London. Conn., submarine base.
Brookiyn Navy Yard, with Bayonne, N. J., and
Maspeth, L. 1., annexes.
Philadelphia Navy Yard.
Repalr facilities at Trinidad, B. W. 1., at San
Juan, P. R., and at Guantanamo Bay, Cuba,
Shipyard Facilities

American Bridge Co., Ambridge, Pa.
Bath Ironworks Corp.., Bath, Me,
Bethlehem Steel Company, East Boston, Ho-
boken and Quincy, Mass. :
B%tihlehem-mngham Shipyard, Inc.,, Hingham,
ass.
Cramp Shipbullding Company, Philadelphia.
Drave Corporation, Neville Island, Pa. and
Wilmington, Del.
Electric Boat Company (Vietory yard), Groton,
Conn,, and Electric Boat Corporation, Groton.
« Federal Shipbullding and Drydock Company,
Newark, and Kearny, N, J.
New York Shipbuliding Corporation, Camden.
Todd Shipyards, Brooklyn division, and Ho-
boken.
General Industry Facilities
Alr Reductlon Sales Co., Hingham, Mass.
Birdsboro {Pa) Steel Foundry and Machine Co.
Erie {Pa.y Forge and Steel Company.
General Eleciric Company. Erie.
Heppenstall-Eddystone Corp., Eddystone. Pa.
Mesta Machine Company, West Homestead, Pa.
Lukens Steel Company, Coatesville, Pa.
Rustless Iron and Steel Company, Baltimore.

[The Navy indicated that its
plan is to persuade the private
companies to keep these plants in
full operation so that they could
be converted to Navy use on short
notice. If this is not possible, the
Navy said, the plants probably
would be declared surplus.]

Laboratories

Naval Boiler and Turbine Laboratory, Navy
Yard, Phijadeiphia.

Material Laboratory. Navy Yard. Brooklyn, N.Y.

Test station, Ft. Miles. Lewes, Del.

Ux!'zitﬁd PStates Havy metals laboratory, Mun-
1all, Pa.

Indusirial test laboratory, Philadelphia,

Matertal laboratory, Navy Yard, Boston.

United States Navy underwater sound, Ft.
Trumball, New London.

United States Navy Radio, radio and sonar
laboratorles at Boston, New York, Philadel-
phla, San Juan, P. R., and Balboa, C. 2.

Reserve Fleet Berthing Sifes

Submarine base, New London.

Reserve basin, Navy Yard, Philadeiphla; supply
depot. Bayonne.

Navy Yard annex, South Boston.

Ele New York Times
Published: September 25, 1945
Copyright © The New York Times
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Freojeet WHIRLIWILD reporto will bo lsausd monthly or bil-monthly

‘roe the Jarvomechanlisce laboratory at the Hassachusetts lnstitute
Techoclogy as svallable saterinl Justifiess Thoy are prepared
for Lhe digiribution, Vo autborized percons, of information on high-

speod digital computatlon.

ln somw cases ideas wiil De suggested and circults propossd
wilcl have oot deen proven in practice. As tesls are made, results
will De recorded in later i{ssues of the WHIRLWIND.

The zomt rapld wad efficlent progrews i pew alds to mathemmti-
zal cuspulation can be achleved only through cooperatlon and inter-
change of inlorwmation betwewn sclentific groups engaged In this fileld.
lomcents on the ideas presented in thees reports ars rsquested from
other groups as well as infermmtion on resnltis of work at other labor-
atorise. Suitacle letters and papers concerning digital computatlion
will, with perciesion of the author, be included from timw %o time.
Yhero informmtion from sources ontside this laboratory is of a non—
claselfied oature, the publication will, at the request of the author,
10 indlcate.

Correspondence can be addressed to Project WHIRIWIND, Servomechan-
{sas laborntory, Bullding 32, Massaclmsatts lostitute of Technology,

Canbridge, Hasmachusetts.
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Froject VHIRIWIND, sponeored at the Massachusetits lostitute of
Technology by the Speclial Devices Divislon of the Office of Hesearch
and lnventions, U. S. Havy, le a progras of research, iovestigation,
and development in the fleld of high-wpeed electronic digital comgpu-
tatlon. As outlipod in Summary Heport ¥o. 1, this electronic computer
1e specifically aimed at the solution of alrcraft etadllity and cop-
trol problems bul will also provide for the solution of certaln other
clneses of sclentific problems as woll as ths fleld of noo-lipsar
ordinary differentisl equations. Completion of a fioal computer will
require several years. Sumeary reports will be iswusd fros time to
time ipdicating the latesst results and trends.

Yhen the project was orgasized in December 1944 plane were Lasod
on the use of analogus computation. Lt became appareat that analogue
mwthods would lead to exceasive complexity and that other computing
techniques should be studied. High-spesd electronic digital cosputa-
tion le nov being investi, ated in an effort to develop componwrtie for

application to the prodleme of immediate interest.
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SUMMARY REPOHT ON CUNTHACTS WUu|«)6216 AND HOa(s)7082

PART 4 - INTRUDUCTIUN

1, SUMMARY

in Decusber, 1034, the Moemncfiusetss luetitute of Technclogy.
Division of Industrial Ccoperation. waiartcns to develop for the Navy
a goneralized multi-englos flight tralver. This was mn outgrowih of
work during the war by the Special Devlices Divielon of tre Bureau of
dsronautics which was later traneferred tu the Offlce of Eesearcl and
loventions.

Several flight traloers had been desiyzed Ior Navy alrereft. These
Tociuded Lhe D2M, tho PE¥, and tho FY2, The trainers had proven so
valuable and the representatloc of flylng conditlons so satisfactory
that an extension into the gemerallred flald of aircraft simalation

? appeared possible. The proposed resoarch and development at M.1.T,
nad two broad objectives. Uno wns the design of equipment for genesral-
tzed tralolng purposes and the second that thie fllight tralner squipment
should be sufficlently mccurals tn serve ns mn alreraft stabllity and
control computer.

As a stability and control annlyzer the squipmsnt would be set up
iz mocordance witl informaticn oblalinmnd fres wind ‘uszsl zodel teats
of a propoved alreraft design to solve the equations of motlon for the
sircraft as a rigid body io space and to compute sufficlent of the
aerodypamic forcees to predict the flying quality of the tentative

design.
An alreraft cockplt complete in detall would permit a test pilot to

svaluate mlrcraft performauce, and flight instruments would respond as
expected for the new mlroraft deslgn. (octrol lorces would de coxputed

acd applied to the cockplt controls wnd proper sound and vibration

ipcorporated.
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The results would be obtained not only aw impressions and opimions
of the test pilot but also as completely recorded data abowing motion
of coclkpit controls and resulting response of the aircraft. To agcob-
pliab this, some 30 or more variables wonld be recorded,

Since buman pllot reactlons 4o deterpipe in part the alrcraft flight
behavior, this analyser has ths advantage of including an actual pilot
rather thac aynthesizing his reactions. Becauss human response lw a
factor in the problem, indicated alrcraft responss must occur io real
tiwe. To computs alrcraft motion on m one=to—cne time scale will re-
quire much higher solutlon rates thar Lave before beon required of
mathematical computaticn devices. This and other probleme made a survey
paricd necessar; befors the start of actual ccoputer design.

Contract Xa{a)5216 wae set up to permit a study of the proposed
aireraft snalyssr and to study the feasibility of designing such a
device. Certain obvious problers which had given trouble in the air-
craft trainers were eclved durliy the earlier phases of this contract. .
Une such was the control force loading equipment to provide proper feel
for the cockpit controls.

The beart of a device ouch as the alrcraft asalyser is, of couree,
the computer, wvhioh eolves equntions of motion in rewponee ‘o actlons
of the pilot. The usual approach tc such a compuler was through use
of analogus cowputing techniques, such as have besn used in differential
analysers and fire control equipment. During tlhe first ten months of
cctivity on this project, varlous analogue computlng technlques wore
studiea. Thess were primarily components which could be used in an
soalogue computing syetem that represented mathematical quantities by

magnitodes of alternating ourrent voltages.
As work progressed, it becaxe apparent that an analogune-type computer

for the equations of aircraft motion would be so gomplicated that its

accuracy and performance could not be predicted., Such s compuler

would also lack the flexidility and ease of setup that is desirable

for the alrcraft analyvsr probles. Although several new computer .
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techolques includiog a high-performmnce sorvo systes were developed,
it seomed betlter that other approsches to the analyser problenm be
studied.

Bacause the amount of computation required for the aircraft analyzer
problem appears greater than that practical for annlogue computers,
it s deeirable to consider carefully the use of high-epeed electronic
digital computing methods.

During the organitation of Contract ¥0a(ws)7082, consideration wae
given digital methods of computation in the fall of 1956, and sloce
that time s program has been initlated to adapt high-wpeed slectironio
comput ing methods to the alrcrafl analyter probles. A computer which
will solve the aircraft stadility equations will have the required
capacity for many other familiee of sclentific problems. Consequently,
effort at the present time is being devoted to ths study and develop-
ment of geperal electronic digital computing techniques. Approximately

= a year and a half will be devoted to studylng and developing these
Bethods, by which time thair adaptablliity to the alrcraft analyser
problem can be determined.

2. OR1GIN AND FURPOSE CF THA PROJECT
2.1 ETL Dight Trainers

During the war the Ball Telephone Laboratoriss built several
flight traipers for the Special Devices Diviston of O.R.l. to be used
in pilot and crev lnstruction. Traloers were built for the PBH, the
PB4Y2, and the F6F. In all these units realism acd attention to de-
tall was stressed su that an excellent illusion of flylog was produced.
All cockpit controls and switches were aolive, proper sound and vi-
bration were provided from each englne, and solutllons of fllght equations
were adequate to give reallistic lnstrumeni readings. Motleon of the
cockpit was not esploysd, although some tests by the Special Devices

Division engineers indicated its desirabllity. The deaigzn of speocial
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trainora sma an expinslve and Lize-zopwuming undertnxing and the Specinl

Devicen Uivision undertooc to develop a univeranl Lralner intn which
camatante for various Lypes of alreralt eould Le ast.
2.2 4 Yndywrsal EAAGKS Eradies
Such a universal [ligzht traloe= wne vimulized ns A computer

with adjustable coofticienta for the eguatlons uf alreraft motlon.

' .

Conataata for the atrcraft could then be wet ot the equetlons o
the computer would provide proper [llght lostrument dets Sor wig Lype
of mnireraft. Sisultanecusly with thls concept of n universn! (light
traniner there develojed m plan for using the eguipzent ns an alrcoraft
asalyzer.
2.3 An Alroraly Acalizer
in order that the equipment may fuaction ne an alrcraft
anralyrsr, It must predlct rather thao dupiicate sircralt porforeance.
In tralners, it has been the practice to adjust zirculta which, 1o .
thogsolves, Bay not rapressnt truc amthomatical equaticnm, until
proper behavior ie achieved. Ap ananlyrer, on the other hand omsl taks
avrodynacic coefficients obtalned froz win! tunnel tealws and use thege
ta predict alrerafi performanco. The corrvct equutiona of motiun
muet, therefore, be solved with sufficlent sensitliviiy and mccuracy to
permit studles of alreraft stability rad control.
2.31 Flight $tability and Qontrol Farces

As a stabllity and control analyzer, the equipmont would
connist of a computur, m control room and auxilimry equipoent, and a
zockpit arranged to repressnt the proposed aireraft. An alreraft
analysor of the typs visuallized should perfors three maln functlons.

2.311 Beduction of Experimentnal Testing

A considerable amount of the flight testing in

the stuwiy of aerodynaclc propertles and control stabillity can be made
with an analyzer of thle typoe bmsed upon informmtion obtalnsad [roz
wind tunnel model ntudies. Such studles, to be sare, musl be conslderably
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more axtaneive Lhuan thone ueually mule st the preeent time. The reduction
tn exparimental teat Clyleg could preatly reduce the cost of new alrcraft
ecdeln nnd foprove thetr cperating characteriatics.
2.312  Snpudy of Vaueual Adrorast Usslens
Ao sireraft stabllity and control anmlyrer would
joreit the stwly; af the pore radlen) alrcraft dssipne whileh, although

prrhepe entirely acund, might oot be 'wilt for full-scalr teeblosg «ithout

some prelimlnnsry nesurnace cf wiccwad.
<313 mvalustion of Ynfavorable Dnelsiis
Prelivipnry tenting with an alrceraft snnlyzer
might preveant the uanccesse-y construciion of mircraft sodels whlch
are destined Lo bBave unantlafactory flight characlerietics.
2.32 sguatdens of Matlon

Unlike the trainer, an alrceaft analyzer w11l reas

accurate and carsfully arrnggeed equatione to represant nir-rali i motion
» Freliminary equntlons were got up prior to Dececber 1934 by the at S7

of ths Wright Brothere Wind Tunne! us K. 1T, Sluce that time L

squations have beon undergolns cosbinuoue atudy and chaoge Lo Lottar

represent an alrplasv Aurlor take-o{f nnd flipht conditlona.

.00 Eilot keachlco

Siaze Lhe charmcteriatics of n good airplace have naver

beern reduced to a ciumplataly scientific basle, ihe evaluntlon of alr-
eraft behnvior depends on the reactloun of mircraft pilota. it has
Lherofore bees coneidere! aoacemsary Lo cbtalo results not only as
performmrce curves but alsoe ne lupreestione sod opinlonm of teat pilota.
. make thege fzpreselons ne real!atic as peaalble, connlderadle atten-
tion mumt b6 given to cockplt deslyn and the olmulatlion of inro
reactlion forces, noime, vibratlen, nad motlcn.

2.3 Analysls wid Syuthesls

Kot only would An alrcraft scalyzer pernit punlysls of

aft alraralt freoe wode! studies Mut, n revarse procesa, coefficlants
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could be changed to obtain deslrable perforzance and the asrodynamic
propertins of Lhe oodel redeeigned Lo jr-oduce thess coefficlents.
2.36 Adrcraft Criteria .

The availability of an aircraft analyzer would permit
pore complete investigmtlone loto Lbe characterietics of successful
Aircraft. With aerodynamic charactariatics under control and sudbject
to rapld change, a better apprecilation of factore affectlng good air—
craft performance could bs achleved.

2.3 Study of Automatically Coptrolled Flight

In nddition to the study of piloted alrcraft such
equipment should psrmit studles of alreraft under the control of suto-
matic pilots as well as studies of guided missiles.

2.4 Flexibiliwy

An apalyzer which will solve the problems ocutlined above will
be a computer of considerably greater complexity than any now existing. '
At firet a permanent arrangement of corputing elements wns contemplated
in the manner originally ussd in ths operational flight traipers. It
sarly becamt apparent that such m flzed schematlic would be entirely
iopractical bwcause the equations Lo be solved were undergoing contioual
change and because a computer of this sice and potential usefulness
should not be committed to a single type of problem. Flans tharefors
call for as much flexibility as possible in the typs of prcblem to be
solved by the computer portlon of the aircraft annlyszer.

3. PRESKNT STATUS
3.1 Analogue Computing Summary
The firet plan for the computer to solve alrcraft stability
squations followsd the approach previously worked out fer fire contrel
computers and differential analysers. In analogue computation a
soparate computing element is required for sach mathematical step

involved ia the problem solution. The requiremsnt of a real time
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AGREEMNREXNT
BETWEEN
BOHACK REALTY CORPOR‘TI&
ARD

| UNITED STATES OF AMERICA //‘ |

%4
; THIS AGREEMENT, entered into this last day of December, 1042 i

i by and between the Bohack Re'nlty Corporation, ':hou address is

Metropolitan and Flushing Avenuss, Brooklyn, New York, for itself, |

its sueeossors and masigns, p-roimrtor called the Permittor, and

the United States of America, represented by the Chief of the

Bureau of Yards and Docks, asting under the direction of the Sec-

I retary of the Navy, hereinafter called the Permittee, by virtue '
of the authority contained in Ssction 201 of an Aot of Congress,

' approved December 18, 1941, Publiec Law 364, 77th Congress, Pirst
Session and pursusnt to Executive Order No. 9001, dated December
27, 1941, whereby the Seoretary of the Navy is asuthorized to
make contraocts in accordanee with said .""‘t of Congress.

WITNESSETH: That for and in consideration of payment to

' the Permittor of the sum of PFivé Dollars ($5.00) per boat, the
Permittor hereby granta the Permithee permission to use the basin
of the Permittor, delineated in red on the photostat of a blue- X
print bearing legend proposed development of Bohaok Terminal,
attached hereto and made a part hereof, for the purpose of compen-
sating PT boat compasses, landing barges and other small naval

oraft,

oy -

l "R:}.‘ ~ The permission hereby gremted shall be aubjeet to tJ
L

i %' img previsiens snd eonditions:

Y , ': g >
SasiE -_;.T-:'.'I, E‘. W
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The Permittee 1s not to be considered as acquiring
any permanent intereat of whatever nature in the
property of the Permittor.

The charge of $5.00 per boat shall be with the
understanding that each boat will not be in the
s8lip for more than twenty-four hours.

This permit ashall not be assignable or transfer-
able by the Permittee. The Pemmittor by the grant-
ing of this permit shall not be responsible for
deamage to any naval boats while in the aforesaid
basin and shall not be liable for injury to any
person or persons on board saild boats or serving
in connection therewith, and in the event that
death or injury occurs to any person, or loss,
destruction or damage occurs to any property in
connection with the use of sald basin by the
Permittee occasloned by the sote or omissions of
the Permittee's agents, employses or servants,

the Permittee, out of funds &s may be available
therefor or which have been appropriated for this
purpose by the Congress of the United States,
agrees to indemnify and save harmless the Permittor
from and against any loss, expense, cleims and
demanda to which the Permittor may be subjected as
the result of such death, loss, destruction, or
demage.

No member of or delegate to Congress or resident
comnissioner shall be admitted to any shere or
part of this permit, or to any benefit to arise
therefrom. HNothing, however, herein contained
shall be construed to extend %o any incorporated
company, if the permit be for the general benefit
of such corporation or company.

IN WITNESS WHEREOF, I have hersunto set my hand and

arfixed my seal the day and year first above written.

THIS PERMIT 1s also exeouted by the Permlttee in

acknowledgment and acceptance of the terms herein set forth.

Payment to be made
by Disbursement
Officer, 3rd Neval

District

STATES OF AMERICA

vy
ion of the Chief
reau of Yards and
Doocks, Aotinﬁ under dirge-
tion of the Secretary o
the 'lq
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THIS ACREEMENT, made and entered into this 744 day nruz,bt‘
1945, by and between THE LONG ISLAND RAIL ROAD COMPANY (hereinafter re-
ferred to as the "Company"), and UNITED STATES OF AMFERICA represented by
the Chief of the Bureesu of Yards and Docks, acting under the direction of
the Secretary of the Navy (hereinafter referred to as the "Imdustry");

WHEREAS, the Industry desires the use of two existing sidetracks
and switeh comnections connecting with the Montauk Brench of the Company
at points 2.54 and 2.55 miles east of Long Island City in the County of
Queens, State of New York, as shown upon the blueprint of plam No. D. E.
1783, Revised date May 28, 1945, marked Exhibit "i", attached hereto and
made a part herecf, and

WHEREAS, the Industry requests that the Company operate said
trecks and switoh oonnections shown on said blueprint for the purpose
of serving the business carried on by the Industry, and

WHEREAS, the Company is willing to operate its engines, trains
and oars upon, over and along sald trecks, but only for the considera-
tion, and on the terms and copdltions hereinafter set forth:

NoW, THEREFORE, it 1s sgreed by and between the parties hereto

as follows:
%12534

1. OWNERSHEIP. It is understood and agreed that the ownership of
that part of said sidetrack indicsted by yellow coloring on Exhibit "A®
and all appurtenances thereunto belonging, shall be and the same is hereby
vested in the Industry insofer as the parties herete are concerned.

2. MAINTENANCE. The Industry will, at its sole cost and expense,
out of availasble funds sppropriated therefor, furnish the labor and
meterials necessary for, ud. maintain and renew in such safe operating
condition as the Compasny shal)l deem proper during the continuance hersof,
that pert of said track imdicated by yellow lines on Exhibit "A".

£or

94> tpe ownership of materials used in remewing or mainteining
said track or tracks shell be vested as provided by parsgraph "1™ hereof.



3. The Industry agrees to exercise the greatest care both in the
use of sajid sidetracks and switch oconnections and to prevent cers whioh
have been placed thereon for its use or bemefit from getting out upon or
too close to the main trecks of the Rallroed Compeny, and the Industry
agrees t0 keep sald sidetracks and switch connections clear of snow, ice
and other obstructionzs, and not to erect or allow to be erected any
buildings, structure or fixture of any kind nearer than & feet from the
center thereof measured laterally therefrom and nearer than 21 feet above
top of rail measured vertically therefrom, except platforms which shall
not be less than 6 feet 6 inches from said center of track or more than
3 feet 10 inches above said top of rail, unless such distances are other-
wise indieated upon the blueprint attached hereto, which shell then govern.

ks This ocontra¢t shall be binding upon and imure to the benefit of
the successors and assigns of the parties hereto; provided, however,
the Industry shall not assign this contract without the written consent

of the Compeny.

5« No member or delegate to the Congress of the United States of
America shall be admitted to any share or part of such agreement or to
any benefit arising therefronm.

6., The cost and expense of proouring or complying with any ordie
nance, order, permit or consent whatsoever required by Municipal, State
or other lawfully constltuted authorities for the melntenance, opera-
tion and use of seid sidetracks and switch comnections shell be borme
by the Industry.

7. The Company shall ‘have the right to use the whole or amy part
of sald sidetracks, provided such use shall not umressonably interfere
with the use thereof by the Industry.

8. If any change, rearrangement, extension or enlargement of said
sidetracks or their structures shall at any time be necessary by reason
of any change in the operation of the railroad, the Company shall not
be required to bear any expense resulting therefrom,

-2—



THIS CONTRACT shall take effect on the date hereof, and unless
sooner terminated as herein provided, shall continue in effect for the
period of one year and thereafter subject to terminatien sixty (60) days
after either party hereto shall have given to the other notice in writing
of its intention to termipate the same.

IN WITNESS WEEREOF, the parties hereto have caused this contract
to be executed, as of the day amd year first above written.

THE LONG ISLAND RAIL ROAD COMPANY

By (2.

W20 & LT S——
“Superintendent

WIETNESS:

THE UNITED STATES OF AMERICA

Yards and ks,
acting under the directionm of
the Secretary of the Navy

WITNESS:

THE LONG ISLAM

RAIL ROAD
T Te
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PROJECT
WHIRLWIND
(DEVICE RF 12)

SUMMARY REPORT NO. |
April 1946

For the

SPECIAL DEVICES DIVISION
OFFICE OF RESEARCH AND INVEIT.IONS
NAVY DEPARTMENT

Issued Under the Provisions of
Letter of Intent for Contract NOa(s)7082

' By the

SERVOMECHANISMS LABORATORY
MASSACHUSETTS INSTITUTE OF TECHNOLOGY
Cambridge, Massachusetts

Research on Project WHIRLWIND
Includes Contributions by the
Department of Aeronautical Engineering
Department of Electrical Engineering
Department of Mathematics
Department of Physics
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FORWARD

Project WHIRLWIND reports will be issued monthly or bi-monthly

from the Servomechaniszs laboratory at the Massachusetts Inastitute
of Technology as available material justifies. They are prepared
for the distribution, to suthorized percons, of inforsmtion on high-
speed digital computation.

In some cases ldeas will be suggested and circuits proposed
which have not been proven in practice. As tests are made, results
will be recorded in later issues of the WHIRLWIND.

The most rapid and efficient progress in new alds to mathemati-

. cal cosputation can be achleved only through cooperation and inter-
change of information between scientific groups engaged in this field.
Comments on the ideaw presented in these reports are requested from
other groups as well as informmtion on results of work at other labor-
atoriss. Sultable letters and papers concerning digital computation
will, with permission of the author, be included from time to time.
Yhere information from sources outside this laboratory ims of a non-
olassified nature, the publication will, at the request of the author,
so indligate.

Correspondsnce can be addressed to Project WHIRLWIND, Servomechan-
isas laboratory, Building 32, Massachusetts Institute of Technelogy,
Canbridge, Massachusetts.
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Froject WHIRLWIND, sponsored at the Massachusetts Institute of
Technology by the Special Devices Division of the Office of Bssearch
and Inventions, U. S. Navy, is a program of research, investigation,
and development in the fleld of high-speed electronic digital compu-
tation. As outlined in Summary Report No. 1, this electronic computer
is specifically aimed at the solution of aircraft stadility and con-
trol problems but will also provide for the solution of certain other
classes of sclentific problems as well as the fisld of noo-linear
ordinary differential equations. Completion of a final computer will
require several years. Summary reports will be issued from time to
time indicating the latest results and trends.

¥hen the project was organized in December 1944 plans were based
on the use of analogue computation. It became apparent that analogue
methods would lead to excessive complexity and that other computing
techniques should be studied. High-speed electronic digital computa-
tion is now being investi ated in an effort to develop componerts for
application to the probleme of immediate interest.
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SUMMAEY HEPORT ON CONTRACTS NOu(e)5216 AND NOa(s)70E2

PART A - INTRODUCTION

1. SUMMARY

In December, 1944, the Mgssachusetts Institute of Technology,
Division of Industrial Cooperation, undsrtonk to develop for the Navy
a gensralized multi-engine flight traiper. This was an outgrowth of
work during the war by the Special Devices Division of the Bureau of
Asronautics which was later transferred to the Office of Research and
Inventions.

Several flight trainers had been designed for Navy aircraft. These
included the FEM, ths PEF, and the PB4Y2, The trainers had proven so
valunble and the representation of flying conditions so satisfmctory
that an extension into the gemeralized field of alrcraft simulation

’ appeared possible. The proposed research and development at M.I.T.
had two broad objectives, One was the design of equipment for general-
1zed training purposes and the second that this flight tralmer equipment
should be sufficiently accurate to serve as an aircraft stability and
control computer.

As a stablility and control analyzer the equipment would be set up
in accordancs witlh information obtained from wind tunnsl medel tests
of a propossd aircraft design to solve the equations of motion for the
alrcraft as a rigid body in space and to compute sufficient of the
asrodynamic forces to predict the flying quality of the tentative
design.

An aircraft cockpit complete in detail would permit a test pllot teo
evaluate aircraft performance,and flight instruments would respond as
sxpected for the new airoraft design. Control forces would be computed
and applied to the cockpit controls and proper sound and vidration
incorporated.
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The results would be obtained mot only as impressions and opimions |
of the test pilot but also as completely recorded data showing motion I
of cockpit controls and resulting response of the aireraft. To nccom=
pliab this, some 30 or more variables would be recorded.

Since busan pilot reactions do determine in part the alroraft flight
behavior, this analyser has the advantage of including an actual pilot
rather than synthesizing his reactions. DBecauss human response is a
factor in the problem, indicated aircraft response must occur in real
time. To compute aireraft motion on a one=tow-cne time scale will re-
quire much higher solution rates than have before been required of
mthemat ical computation devices. This and other problems made & survey
period necessary before the start of actual computer design.

Contract ¥0a(s)5216 was set up to permit a study of the proposed
alreraft analyzer and to study the feasibility of designing such a
device. Certain obvious problems which had given trouble in the air- |
eraft trainers were sclved during the earlier phases of this contract. .
One such was the control force loading equipment to provide proper feel
for the cockpit controls. |

The heart of & device such as the aireraft analyser is, of course,
the computer, wvhich solves equations of motion in response to motions
of the pilot. The usual approach to such a compuler was through use
of manalogue computing techniques, such as have been used in differential
analysers and fire control equipment. During the first ten months of
sotivity on this project, varlous analogue computing technliques were
studied. These were primarily components which could be used is an
analogue computing system that represented mathematlcal quantities by
magnitudes of alternating current voltages.

As work progressed, it became apparent that an analogue=type computer
for the equations of aircraft motion would be se complicated that ite |
accuracy and performance could not be predicted. Such » computer
would alsc lack the flaxibility and ease of setup that is desiradle ‘
for the aircraft analyser problem. Although several new computer .
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techniques including a high-performance servo system were developed,
it seemed better that other approaches to the analyser problex be
studled.

Because the amount of computation required for the aircraft analyzer
problem appears greater than that practical for analogus computers,
it is desirable to consider carefully the use of high-speed electronic
digital computing methods.

During the organization of Comtract NOa(s)7082, consideration was
glven digital methods of computation in the fall of 1945, and since
that time a program has been initiated to adapt high-speed electromle
computing methods to the aircraft analyzer problem. A computer which
will solve the alrcraft stability equations will have the required
capacity for many other families of scientific problems. Consequently,
effort at the present time is being devoted to the study and develop-
ment of general electronic digital computing techniques. Approximately
a year and a half will be devotsd to studying and developing these
methods, by which time their adaptability to the aircraft analyser
problem can be determined.

2. ORIGIN AND PURPOSE OF THK PROJECT
2.1 BIL Flight Trainers

During the war the Bsll Telephone Laboratoriss built several
flight trainers for the Special Devices Division of 0.E.I. to be used
in pilot and crev instruction. Tralners were built for the FBM, the
FB4Y2, and the F6F. In all these units realism and attention to de-
tall was stressed so that an excellent illusion of flying was produced.
All cockpit controls and switches wers active, proper sound and vi-
bration were provided from sach engine, and solutions of flight equations
were adequate to give realistic instrument readings. Motion of the
cockpit was not employed, although some tests by the Special Devices
Division engineers indicated its desirability. The dealgn of special
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trainers was an expensive and time-consuming undertaking and the Special
Devices Division undertook to develop a universal trailner into which
conatants for various types of aircraft could te set.
2.2 A Universal Flight Trainer

Such a universal flight tralner was visualirzed aa a computer
with adjustable coefficients for the equations of aircraft motion.
Constants for the aircraft could then be set into the equatlons and
the computer would provide proper flight instrument data for any type
of aircraft. Sismltaneously with this concept of a universal flight
trainer there developed a plan for using the equipment as an aircraft
analyzer.

2.3 An Alroraft Analyzer

In order that the equipment may functlion as an aircraft
analyzer, it must predict rather than duplicate aircraft performance.
In trainers, it has been the practice to adjust circuita which, in .
themselves, may not represent true mathematical equations, until
proper behavior is achieved. An analyser, on the other hand mst take
asrodynamic coefficlents obtained from wind tunnel tests and use these
to predict aircraft performance. The correct equations of metlon
mast, therefore, be solved with sufficient sensitivity and accuracy to
permit studies of ailrcraft stability end control.

2.31 Elight Stability and Qontrol Xargces

Ag a stability and control analyzer, the squipment would
consist of a computor, a control room and auxiliary equipment, and a
cockpit arranged to represent the proposed airoraft. An ailrcraft
analyser of the type visualized should perform three main functions.
2.311 Reductlon of Experimental Testing
A considerable amount of the flight testing in

the study of aerodynamic properties and control stability can be made
with an analyzer of this type based upon information obtained from
wind tunnel model studies. Such studies, to be sure, must be considerably
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more extensive than those usually made at the present time. The reduction
in experimental test flying could greatly reduce the cost of new aircraft
models and improve their operating characteristics.
2.312 Study of Unusual Adrcraft Dealgns
An aircraft stability and control analyrzer would
permit the study of the more radical aircraft deslgns which, although
perhapes entirely sound, might not be built for full-scale testing without
some preliminary assurance of miccess.
2.313 Evaluation of Unfavorable Designg
Preliminary testing with an aircraft analyzer
might prevent the unnecessary construction of alreraft models which
are destined to have unantisfactory flight characteristics.
2.32 kquationa of Motion
Unlike the trainer, an aireraft analyzer will require
acourate and carefully arranged equations to represent aircrait motion.
. Preliminary equations were set up prior to Decesmber 1944 by the ainlf
of the Wright Brothers Wind Tunnsl at M,I.T., Since that time these
equations have been undergoing continuous study and change to better
represent an airplane during take-off and flight conditlions.
2.33 Filot Beactlon
Since the charamcteriastice of a good alrplane have never
been reduced to a completely scientific basls, the evaluation of air-
craft behavior depends on the reaction of alreraft pilots. It has
therefore been considered necessary to obtain results not only as
performance curves but also ns impressions and opinions of test pilots.
To make these impressions as realistic as possible, considerable atten-
tion must be given to cockpit design and the simulation of control
reaction forces, noise, vibration, and motlion.
2,34 Analyals and Synthesis
Not only would an alrcraft analyzer permit anslysis of

an aircraft from model studles but, by a reverse procesa, coefficlents
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could be changed to obtain desirable performance and the asrodynamic
properties of the model redesigned to produce these coefficlents.
2,36 Adrcraft Criteria )

The availability of an alrcraft analyszer would permit
more complate investigatlions into the characteristics of successful
alreraft. With aerodynamic characterlstics under control and subject
to rapid change, a better appreciation of factors affecting good air-
eraft performance could be amchieved,

2.36 Study of Automatically Controlled Flight

In addition to the study of piloted alrcraft such
equipment should permit studies of alircraft under the control of auto-
satic pilots as well as studies of guided missiles.

2.4 Elexibility

An analyzer which will solve the problems outlined above will
be a computer of considerably greater complexity than any now existing. '
At first a permanent arrangement of computing elements was contemplated
in the manner originally used in the operational flight tralners. It
early became apparent that such a fixed schematic would be entirely
impractical because the equations to be solved were undergoing contimual
change and because a computer of this size and potential usefulness
should not be committed to a single type of problem. Flans therefore
call for as much flexibility as possible in the type of prcblem to be
solved by the computer portion of the alrcraft analyzer.

3. PRESENT STATUS
3.1 Acalogue Cosputing Summary
The first plan for the computer to solve aircraft stability
equations followed the approach previously worked out for firs comtrol
computers and differential analyrers. In analogue computation a
soparate computing element is required for each mathematical step
involved in the problem sclution. The requirement of a real time
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soale placed new and exacting specifications upon the individual com-
puting componsnts. In most differential analysers variables are repre-
ssnted by mechanical shaft rotation where several revolutions are
required to indicate the maximum excursion of the gquantity reprecented.
Since some quantities in the aircraft analyszer will traverse their
entire rangs of operation in a fraction of a second, new hi gh-speed
computing slements would be required. A completely mechanical system
414 not appear practical becauss of the complexity, the difficulty of
interconnection, and the lack of flexidility. Consequently, early
studies were davoted to the development of computing elements whers
quantities would be represanted by electrical voltagesn. Several
circuits nro' developed for an alternating-current carrier type of
sigoa] representation. Decause the dymamic raunge of many variables
require a signal range that is impractical for electromechanical
equipment such as potsntiomaters, soms experimental studles were carriled
on with a sliding scale factor technique that will be described ln the
technical part of the report. A computer for solving the aircraft
prodblem by analogue techniques would bs many times the size and com-
plexity of mny differential analyzer developed thus far. As the
aircraft analyzer was studied in detall and certaln schematlc circuits
developed, it bacame apparent that the following factors cast doubt
upon the practicality of an instrument of this type.
3.11 Acouracy and Sepeitivity

It 1s doubtful that the required accuracy and senaitivity
for the alrcraft problem can be maintained through the use of analogue
comput ing equipment built for the required speed of cperation.

3.12 Complexity

The large number of computing components (See Section
4.7) would lsad to a volume of equipment that would present serious
maintesance and operating Aifficulties. Trouble shooting would be
aifficult and prediction of mcouracy nearly impossibie.
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3.13 Flexibility
The form of the equations describing mircraft motion
will be subject to continual change and improvement as wind tunnel and
flight test data becomes more accurate or is expressed in different
terms. Modification of the equations may be from time to time desirable
as studies of the methods of solution progress. To be useful, therefore,
even in the solution of aircraft stability problems, a flexible computer
schematic must be maintained. For an electrical analogue computer
this would mean a plug-board type of interconnection which is not
considered deslrable for a computer having a large number of elements
and requiring the dynamic range which muet be associated with the air-
craft analyzer equipment. 3
3.14 Limited Aprlicestion
A computer of the analogue type would be expensive,
would require a long development time, and when finished, would be of
rather specialized nature and suitable only for a limited clase of .
problems. A computer which represents the investment contemplated
for the sircraft analyzer should be so designed that many other classes
of scientific problems can be solved.
3.2 Digital Computation
Many of the disadvanteges attributed to analogue computers
can be overcome through the nse of numericsl analysis methods and
electronic digitnl computation.
3.21 Myvantages
3.211 Accwracy and Sensitivity
Whereas the accuracy and sensitivity of the analogue
computer are limited by the mechanical and electrical tolerances asso-
cinted with its physical components, the accuracy and sensitivity of a
digital computer depend primarily upon the mathematical process selected,
the number of digital places carried in computation, and the increments
along the independent variable at which solutions are taken.
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3.212 Flexibility

A d1gital computer need not depend upon the
physical interconnection or positioning of components for its schematic
hookup. Froblems are set up through the use of punched cards, tape, or
some other prepared form of information. Changes in equations repre-
senting particular problems can be readily accommodated as well as making
possidble changes to entirely different types of scientific problems.

3.213 Predictability

Operation of the digital computer is identical
except for solution time with the process followed in step—by-step
numerical analysis methods. Solutions can therefore be worked out
ahead of time for certsin examples, using calculating machines and
operators. The form and mccuracy of a solution can therefore be pre-
dicted and will not depend upon physical tolerances and behavior of
eireuit elements in the computer so long as operation is trouble free.

. 3.214 Scope

The digital computer may be applied to many
problems to which the analogue computer would not be applicable.

In this computer attention is being centered on
applied science and engimeering. Emphasis will be placed on its adap-
tation to dynamic systems such as airoraft, automatic fire control, and
servomechanisms.

Application to algebraic equations will be
atudied. For the present, the solution of partial differential equa-
tions will receive only sscondary interest until electronic techniques
are under control.

3.22 Disadvantages of a Digital Computer
3.221 Deyelopment Time

Development time for a digital computer will be

perhaps longer than for an analogue type system.
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3.222 Cost
Development cost for a digital computer will be
high and rather difficult to estimate although censtruction cost should
be lower than for the analogue system.
3.233 Farallel Operation
In order to solve the airoraft stability equations
in real time, some parallel operation of slectrenic computing elements
will probably be necessary, thereby leading to more complicated circuits
than might otherwise be required.
3.23 Proposed Approsch

3.231 Binary Syatem
At the present time it ls anticipated that compu-

tation will be dons in the binary system of notation. For the alrcraft
analyzer iteelf this represents no difficulty since results will be

derived as graphical representations and conversion from the decimal
syster will not be required except in setting up a problem. For other .
types of sclentific computation imput and output conversion with re-
quired recording equipment must be developed.

3.232 Serial Operatiocn

Insofar as poseible, computing operations will be

done in a serial manner. The digits of m number will be tranemitted
consecutively over the same circuit and identifled by their location
in time. Some parallel operation may be required such as computation

occurring simultanecusly with the setup of the next step and perhaps
simltaneously with certain subsidiary operations, such as interpolation
for coefficlents. Multiplication time will be reduced by parallel
computation.
3.233 Operating Speed

At the present time operation is contemplated
with the use of 1/4 microsecond video pulses to repressnt binary digits
with a 1 megacycle repetition rate. Freliminary investigations are
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being carried on at a 100 kilocycle repetition rate and studies will be
made to check the feasibility of rates above one megacycle.
3.234 Electrostatic Storage
Storage of partial solutions will be attempted by
means of electrostatic storage tubes. Because of the computing speed
required in problems involving real time, a storage method permitting
immediate insertion and withdrawal of stored data is desirable. Storage
by supersonic delay techniques may be used in certain places if advan-
tages are demonstrated for this type of storage.
3.24¢ Research Problems
3.241 Storage
It is anticipated that 200,000 to 500,000 binary
digits met be stored in this computer. This total represents both the
program, the storage of fixed quantitles, function tables and coefficlents,
and the storage of partial results. The two former categories can use
semi-permanent storage as distinguished from high-speed eslectroatatic
storage.
3.242 Erogram
Program control techniques for the computer met
bedeveloped which will take information from a semi-permanent form of
representation and use it for control of high-speed storage and computing
processes.
3.243 Computer
Computer circuits for addition, subtractlion,
mltiplication, and division will be required as well as perhaps a
special unit for interpolation in order that solution time can be con=
gerved. Other arithmetical and algebralc operatlons may be programmed
in terms of these basic steps.
3.244 Checking
Cheoking and trouble shooting procadures must be
established and built into the computer.
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3.245 Recording
Several forms of recording will be required on

the computer output. Problems involving low final accuracy and
particularly those representing solutions versns time can be recorded
as oscillograms. Other types of problems may require card punching,
automatic typewriters, highspeed photographic recording, and magnetic
recording.

3.246 Signal Conversion

Projects such as the aircraft analyzer will
require methods for converting mechanicsl shaft rotation to binary
digits in order that the transition between cockpit and computer may
be accomplished.




PPROVED FOR PUBLIC RELEASE. CASE 06-1104.

CONF IIENTIAL

EART B - TECHNICAL

4. AEBODYNAMIO BQUATIONS
4.1 Baport B-84
The aerodynamic equations as nov vigualized for representing
the control and stability characteristice of an msroplane in flight
are given in DIC 63456 Beport 64 which, mlong with equation schematics,
is included in Appendix A. This report is the outgrowth of work by
staf{ members of the Wright Brothers Wind Tunnel at M.1.T.
4.2 Byatem of Axes
The general probles of solving for the motiom in space involves
the solution either of the equations describing the resultant motion or
the equations describing componsnts of the resultant motion along and
about some system of axes. The approach to the problem has been to

set up equations describing the motion along and about a 3 co-ordinate
. axen system called body axes with the origin at the airplane's center
of gravity. The body axes very nearly ccimcide with the principal
axes, thus the product of imertia terms are considered nngligible.
Motion of the alrplane in space is related to the earth axes through a
set of Euler angles. Thus nine simltansous integral equations are
required to determine the motion of the airplane in space and to relate
it to the earth axen. The relative wind direction, found trigonometri-
"cally, determines the wind axes. See Appendix A,
4.3 Landing and Take-O0ff Bquatiops
The general emperical functions which descride reactions on
the airplane exclude ground reactlions and complicated reactions in
stalled flight. As & result, special terms for the take-off, landing,
and stall representations are included in the equations. Since it is
desirable to maintain a continuous solution through transition from
ons flight condition to another and to minimize the complexity of
representation, ssveral simplifying assumptions and several limitationa
. on the equations have beenm made.
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4.31 Take-0ff and Ianding Representation
The take-off and landing is considered in two sectlons:
1) asrodynamic resctions, and 2) ground reactions.
4.311 Asrodynamic Reactions
The fact that Tc' goes to infinlty at sero speed
requires that those asrodynamic reactions which are a function of %'
sust be modified during the ground run. The description of the general
asrodynamic date is limited to & reasonable value of Tc' and additional
functions are added which describe the ssrodynamic effects above the
specified maximum To'.
4.312 Ground Beactions
The following assumptions are made for the
ground runi .
a) ¥o cross wind; angle of yaw remains
gero, but heading can change. Relatlive
wind remains along intersection of I
planes XOZ and ADB.
b) No rolling moment occurs. Wings re-
main level during ground run.
¢) No sideforce occurs.
4) No sideslip between wheels and ground.
e) No weight is carried by either nose or
tail wheel. Weight is distributed
equally on the two main wheels.
¥With the above assumptions, the ground reactlon
terms, including braking effects, can bs computed and added to the
equations. These terms either go to zero or cut out of the solution
when the altitude is greater than tero. In the same manner, for
instance, the rolling mowent which remains zero during the ground run,
requires that the equation for L/I_ be cut out of the contimous solution
until such a time as the altitode is greater than zero.
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4.4 Stall Conditiona
The represantation of the stall in the amalyxer will not be
complete since the motion in the stall is not to be studied. Therefore,
the effect desired is to provide a stall warning, such as control
buffeting, to let the pilot be aware that the airplane is stalling,
provide a means of control during the stalled periocd, and have the
airplane emerge from ths stall at some angle of attack and 1ift co-
efficient below the stall.
4.5 Control Forcea
To make the illusion of flying as nearly complete as possible,
it is necessary that control column and wheel, and rudder pedal forces
have the proper feel. In addition, for a particular airplane, the
forces and varlation of forces should be reasonably correct for all
flight conditions. Equations are sst up to solve electrically for
the hinge moments at the control surface hinges. If the electrle
impulees corresponding to the hinge moments are transformed to a force,
this force could act through a system of mechanical linkages similar
to the actual control linkages to give the proper comtrol feel. In
this manner, the effects of friction, cable stretch, and inertia effects
of the actual airplans control system can be included. To date, mo
provision is made to compute the dynamic characteristics of the control
surfaces.
4.0 Epgine Simulation
The analyser will be set up to simulate a four-engine airplane.
It 1s necessary to simulate reciprocating engines, gas turbines, jot
units and combinations thereof. It is hoped to find a general repre-
sentation to compute thrust for any type of engine. Since the analyrzer
is basically to study airplane stability and contrel, and not airplane
performnce, it is not required to simulate the engines exactly; l.e.,
to obtain the thruet which gives the desired oruising speed, it is not
necessary to have the manifold pressure and HPM exactly correct.
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4.7 Summary of Computations
The following is a summary of the number of mathematical

operations indicated by the aircraft equations of Appendix A.

2 B £
Multiplication of two variables 105 11 149
Maltiplication of a variable by

a constant 108 ¢ 127
Additions and Subtractions 179 7 207
Divisions 8 3 20
HReciprocals 9 0 9
Integrations 10 0 10
Trigonometric functions 9 0 9
Inverse Trigonometric functions B V] 4
Square Roots 2 o] 2
Non-Integral Exponentinls 1 0 H .

Column A includes the operations indicated by egquations 1
through 56 and B0 through 90, which are the equations of motion,
hinge moment equations, merodynamic coefficient equations, instru-
mont equations, and miscellaneous. Colum B includes the operations
indicated by equations 57 through B0, which are the engine equations.
Column C is & total of all operationa for a four engine airplane.

The following assumptions have been made in complling this
tabulation:

(a) Where two or more divisions by a function
or quantity are required, the reciprocal
can be found and then multliplied to re-
duce divisions.

(v) Beciprocal quantities which remained con-
stant during the Analyzer operation or
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were set manually by the Flight Engineer
were introduced with the sssumption that
the reciprocal had been calculated external
to the computer.

(e) This tabulation does not count any specific
operation more than once,

(4) No operation for finding values of functions
of computed values from curves or function
tables are included.

(e) Additions and subiractions are tabulated
together asince there is no essential differ-
ence in these operations.

(f) Each operation involves two quantities only,
80 the sum of three quantities is two addi-
tionn, ete.

. (g) Integral powers are called multiplications,

thus a = a « a.

5. DYNAMIC RANGE AND ACCURACY

Only sstimates have been thus far arrived at for the dynamic range,
sensitivity and mccuracy required for the computing equipment to be
used in a solution of the problem of aircraft motion. Some of these
estimates are given in DIC 6295 Report 49.

5.1 Ritching Angular Yelocdty

Flight tests show pitching velocities as great as ¥ 3° per

second in certain necessary flight test maneuvers. Although flight
test procedures no longer pay great attention to a determination of
the period and damping of the phugoid or long period longitudinal
oscillation, an airplane, if disturbed from its trim angle and there-
after uncontrolled, will pitch in accordance with this mode of its
oscillation,and it should be reproduced for such a time as the pllot
might loave the analyser uncontrolled. This involves a very small
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angular veloclty which might be as small as 0.1° per second. If such
a motion is to be accurately generated, the equipment must be sensitive
to a such smaller velocity change. ldeally one might wish to have
senaitivity to 1/60 of this velocity or to 1/600 degree per second.
Thus the ratic of maximum to minimum velocities might be as high as
18000:1.

5.2 Factor of Safety for Alrcraft

The maximum value of pitching velocity of 30° per second
uged in the above example is Lased on existing aircraft and does not
allow a factor of safety for future alrcraft or missiles which might
increase its value.

5.3 Factor of Safety in Computation

The above observations on required dynamic range of computing
equipment does not includa a factor of safety for significant figures
lost in the computing components themselves. It is readily seen “hat
mechanical and electrical equipment for analogue computation can hardly '
have a factor of safety mbove the dynamic range indicated in 5.l and 65.3.

5.4 Elactrical Signal Banga (Analogue Computer)

Since the electronic computing components were being designed
around conventional vacuum tubes and their circuits including cathode
followers, a maximum A.C. signal amplitude of approximately 40 volte
soomed desirable. A dynamic range of 20,000 to 1 would then require a
minimum detectable signal of 0.002 volts.

Difficulties in obtaining the required dynamic range for
slionls are immediately apparent.

5.41 Shieldins

Very careful shielding would be necessary to maintain
pnoise levels of 1 millivolt or less on signal lines carrying maximum
values of 40 volta.

5.42 Fower supplles

Power supplies must be regulated to a few millivolts of
ripple to prevent the introduction of extraneous simals.
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5.43 Sliding Scales
Computing elements requiring mechanical equipment such
as potentiometers must have precision gesr trains and, even so, must
operate with a sliding scale factor based upon some assumption of
permiseible reduction in sensitivity with incremse in signal level.
6.5 kxtenelon of Analogue Operating Eange

Since the required signal range of an analogue type compnter
using voltages to represent variable quantities can probably not be
realized, certaln alternatives must be considered. Une of these 1s the
division of a problem into several phases of investigation. For example,
the aircraeft take-off conditions might be studled with an expanded set
of scale factors for those variasbles which have only limited range.
Again, straight and level flight conditions could be studied with high
sensitivity by setting up the analyzer specifically for this problenm.
Lastly, maneuvering conditions could be represented by setting up the
problem for maximum range of variablas. These alternatives are undesir-
able since they place n greater burden upon the investigators who eset
up a problam, because operation of the aireraft analyter becomes more
difficult, and because continuity of flight is lost along with its
peychological effects upon the test pilot.

6. NON-LINEAR CORFFICIENTS

Many of the amerodynamic coefficients shown in Appendix A are non-
linear and depend upon values of variables being computed by the
analyzer. The following tabulation summarizes the pumber of these
variable coefficlentsn.

Functions of Engines  Hinge Moments  Others Total®
(Equations (Equations

57-79) 22-25, 40-48)
One variable 2 Bl 15 7
Two variables 6 20 B0
Three " 0 7 9 16
Four . 0 1 1 2
Pive . 0 1 0 1

* Total for four engines.
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6.1 Bxamples
The following examples of non-linear coefficients are included
and discussed in Appendix B;
1, (= ,JF, ‘1':: = largeat term of 1ift coefficlents

£, (e , m ) = term in 1ift coefficient caused by
large mech numbers, i.e., very high
speed

L, (R, 7) = term in drag coefficient caused by

rudder deflaction

c

fu('(,T' ~7' ) = term in pitching moment coefficient
c2 3 caused by unsymmetrical thrust

rm(a',{n_r; ) = term in yawing moment coefficlent
243 caused by rudder
6.2 Bepresentation of Non-Lipear Cqefficients
Several methods of representing non-linear coefficients lmme-
dintely come to mind. '
6.21 Cams
Cams are perhaps the oldest form used in fire control
computers. These would be too cumbersome for the mircraft snalyzer
because of the difficulty in cam cutting, the irregular shapes of
some coefficients, the large number of variables involved in some
functions, and the problem of inserting cams intc the analyzer in the
set-up of a new problem.
6.22 Tapered Fotentiometers
Tapered potentiometers could be used for functions that
d1d not require frequent alteration. However, since most coefficlents
will vary considerably from one aircraft problem to another, the use
of tapered potentiometers is rather ilmpractical.
6.23 HNetworks
Some studies have been made by Bell Telephone laboratories
and this group in adapting electrical resistance networks using static
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elements and potentiometers for the computation of non~linesr functlioms.
While thie method shows soms promise, it is ALfficult to set up, cum=
bersoms to exsoute in practice, and lacks the flexibility which mhould
be msnocinted with this equipment.
6.2 Tapped Potentiometers

The use of tapped potentiomsters showed the best promise for
representation of variables in an analogue computer making use of
electrical voliages to indicate signule. Thewe potentiometers were
planned to have several taps at which would be establighed voltages
corresponding tc the function at the tap position on the potentiometer.
These voltiages would be established perhaps through a punch card syste=
and cathode followr wacuum tube circuits. Such s system can be ex-
tended to several variables. Function representation is based on the
assumption that linear interpolation between points of data is satie-

. factory. Some tesis were made with tapped potentiometers having several
sliding bruabes vith resistance networks for amoothing curves at the
pointe of discontimnity in slope. These methods showed promise but
studies were not carried to completion.

7+ ANALOGUE CLRCUITS
7.1 Altermating Voltage Carrier

Aoalogue computing circuits studied inm the early phase of this
work were based entirely on the use of alternating voltage carrier to
repressnt variables. Work was done st 60 cycles and coneiderable inter-
ference was encountered between power supply ripple and signals. Fhase
shift between signals on the input of summing amplifisrs was a problem,
as could be expected. An amlternating current system was initially
selected because the prodlem gseemed less formidable than those assoclated
with directl current asplifiers and their power supply probless. A
petwork of approximately 12 summing amplifiers was constructed to
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represent equations 1, 20, and 29 in Appendix A. This network did
not involve servo~driven multi{plier units but used statlc potentlo~
meters at tho points indicated for multiplication of two variables.
Eoive levels in this network were held to about 1 millivolt and the
required dynamiec range outlined in Sectlon 6 were obtained although
conaiderable difficulty was exparienced. Fhase uhift between carriers
was particularly noticeable at susming amplifiers where slgnal sube-
traction was taking place. large quadrature and harmonic signals were
found at the amplifier outputs. These might be tolerable in many
cases because signals eventually fed servo systems at multipliers
or integrators which are fundamentally insensitive to quadrature
voltage.
7ell Spmmioc Amplifiers

Several types of circuits were investigated for sumsing
A.C. eignale. and & reasonably sstisfactory amplifier wae developed
and tested in the demonstration units. The essential features con- .
sisted of bringing the signals to be added (up to five in number) in,
through isolating cathode followers, summing the signals by ordinary
cdrrent addition methods in a single grid resistor, and then raising
this total signal to the correct voltage and impedance level through a
fesadback stabilized amplifier. The accurmcy of summing with guod
matching of lpput and output impedances is of the order of one=fourth
per cont. The dynamic range was about 1 to 30,000 from minimum to
maximum signal and the output distortion wes usually less than 2%
total harmonice. The phase shift except for very small signals wae
less than one degree for 60 cycle signale. It seems probable that
these summing amplifiers, with certain modifications wuggested by the
tests, would have been entirely satisfactory for the contemplated
analogue computer.

7.12 Iptegrstors

Two approaches to the integrator problem were lnvesti-

gated.
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7.121 Mechanical

A two-gtage mechanical integrator maling ball
and disc integrators from fire control equipment were arranged in a
manner similar to that indicated for the multiplier in Appendix C.
Besults from these units were not up tc expectation, largely becauuss
of mechanical back-lash and other operating imperfections. It is
anticipated that these imperfections might not bs reducible to &
level that would permit desired performance.

7.122 Electropic

An electrouic integrator for alterrating
voltages was studisd, based upon the use of feed-back amplifler tech-
niques and Brown Tnatrument Company vibrators for the converaion of
D.C. voltages %o 4.C. In this circuit integration was performed in
a direct current BE~-C stage. The output condenser voltage was con-
verted with a vibrator to 60 cycle A.C. and the resistance drop was
converted to A.C. for comparison with the input signal. The differ-
ence between input and resistance drop was fed to a high gain A.C,
amplifier, the output of this amplifier belng converted to D.C. for
operation of the integrating circuit.

Bepearch on this integrator was likewise not
carrisd to completion. Other promising integrators have been developed
by various laboratories wl.ch would have been investigated before
making a final selection of method.

7.13 Mpltiplication
Analogue multiplication of electrical signals was planned
with potentiometers and servo units. The potentlometer slide would be
driven proportional to one signal while the second asignal would be
applisd to the potentiometer winding. To obtain the required dynamic
range, a two-stage multiplication would be used where one potentiometer
would set the scale factor for multiplication by the second potentiometer

an shown in Appendix 0. Because of the high accelerations and valocities
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experienced by the variables of the aircraft analyrer problem, it would
be necessary in an analogue machine to have high-cpeed servo units to
drive the multiplying potentiometers.

7.14 Frequency Modulated Servo

A servo system for computer ocperation was experimentally
studled for high static accuracy and high natural frequency. This
servo system operated with a polyphase, low-slip induction motor driven
from a variable frequency source capable of contimuous output between
the limits of positive and negative (reverss phase rotation) frequency
required for maximum motor speed. This servo system is discussed more
fully in Appendix D.
7.2 AC vergus DC Signals

OUnly studies of an AC carrier syster for signal voltages had
been conducted on this project prior to the tranafer of attention to
digital computation. It has not been clearly established how the
disadvantages of AC carrler systems, particularly phase shift and .
pover supply ripple, compare with the problems encountered in direct
current amplifier systems. It is felt that work carried on by
Columbia University using direct current amplifiers, multipliers,
and integrators has been carried to a higher state of development and
may well be more desirable than the AC system for computers within the
size range sultable for anmlogue computation.

8. VIND TUNNEL TESTS .
The data describing the aercdynamic reactions of a particular
airplane requires extensive wind tunnel testing. In the Wright Brothers
Wind Tunnel results are obtalned, referred to wind axes, and are recorded
manually. All results are static and no tests to determine rotary
derivatives are made. In addition the hinge moment resulte on amall
scale models are inconclusive.
Extensive redesign of the balance and recording system will incorpor-
ate provisions 1) for teating for rotary derivative, 2) for automstic .




PPROVED FOR PUBLIC RELEASE. CASE 06-1104.

CONFIDENTIAL

data reduction and recording and 3) for obtaining data about stabllity
axis. Tests on large panel models of the control surfaces will provide
more accurate hinge moment data, and some actual flight testing may be
done for correlation work in determining dynamic characteristics.
8.1 Data for Model 4

The equations of motion as now set up in Report 64 include
the equations for the merodynamic coefficients. The component func-
tions of thess coefficlents has been compiled for a twin engined air-
plane designated Model A. These data, results of actual test for the
most part, have been used in preliminary calculations and are represen-
tative both in type and quantity of what the analyrer must handle.
See Report B~98. At present moment coefficients are given about body
axis and force coefficlents along wind axes. The equations are set up
in the analyzer to transfer the force coefficients to the body axes
system. It peems advisable at the present time, however, to convert
all coefficients to the body axes reference before it reaches the
. analyzer.

9. COCKFIT DESIGN

The aircraft analyrer problem, as visualized for an analogue com-
puter, required a cockpit having sufficlent reallsm to provide the
1llusion of flight to the test pilot. Much progresa in thias direction
has been made by the Bell Telephons laboratories in their Uperational
Flight Trainer. Further improvement over these units is necessary
not only in the instrument resdings which depend primarily on the
computer but aleo in the generation of control reaction forces.

9.1 Cockpit Mounting

Operational Flight Trainers have been built and operated

effectively without provision for cockpit motion. Less elaborate
trainers, such as those built by Link, have used cockpit motion to
good advantage.
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9.11 T4ls
It is proposed that the cockpit for the aireraft analyser

be mounted to provide tilting in pitch and roll which will provide the
necessary simalation of apparent change in gravity direction. With
the cockpit mounted as shown in Drawing C-30053 the effects of wside
slip, horizontal acceleration, and pitch angle can be simmlated.
Cockpit angular motion is dlscussed more completely in 63456 Report No.
B-100.

9.12 Yartical Motion

A small amount of cockpit vertical motion may be pro-
vided to divorce the cockpit from the rigidity of a fixed suppert and
to produse the illusion of air-borne =otion.
9.2 Control Furce EBquipmegt

A hydraulic force generating system was designed for the
simulation of rudder, elevator, and aileron forces. This systom was
senslitive to forces of a fraction of a pound on ths control column I
and could gensrate forces of several hundred pounds. It iz described
in 6345 Reports Nos. R-36, R=37, B=38, B-96, and =99, The equipment
will be redesigned into a packaged forsm when required for the alr-
craft analyrer.

9.3 loatrument Arrangement

Only tentative cockpit instrumnt and control golumm arrange-
ments have been studied. When a finel design is prepared, it will be
in line with the propomsal of the Navy Committee on Standardization of
Mreraft Cockpits.
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This report supersedes the information in
Report 50 and Report 64 dated October 31,
1945. It is supplemented by BReports 15,
18, 49, 58, 62, and B-98.

It 1s the object of this report to include under ons cover all
the symbols and equations to be incorporated in the analyser, and to
describe the progress of equation development to date. Progress has
carried the study to a point where squations, functions, and constants '
can be assigned definite mumbers. Therefore, all symbols and numbers
assigned in this report will be considered as official reference in
the future.

The types of equations requiring solution in the analyzer are
classified as follows:

1. Basic equations of motion 1l=6

2. Bquations relating wind, body, and earth axis 7 - 15

3. Auxiliary equations of motion 16 = 21
4. Control surface hings moment equations 22 - 25
5. Auxiliary equations or aerocdynamic coefficient
equationa 26 - 48
6. Instrument equations 49 = B6
7+ Engine equations (for one engine) 57 - 79
8. Miscellaneous 80 =~ 90 .
1, 2 The basic equations of motion and the equations relating wind,

body, and earth axis have been rewritten as integral equations instead
of differential equations. See equations 1 = 15 and Fige. 1, 2.
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Several of the circuits require special consideration to de-
termipe when they smst or mast not be included in the general solution,
or hald in or out for a specified time. The special cases of take—cff
and stall are examples of unusual computing procedures. Reports de=
soribing the operations desired will be issued in the future.

3. The only change made to the auxiliary equations of motion
desoribing the linear mocelerations along wind axes is the addition of
the take~of{ terms. It must be noted, however, that squation 17 describ-
ing the acceleration along OF has no component of engine thrust included.
The thrust component, which acts along the OX body axis is computed from
the engine data and fed into the basic equation of motion describing the
linear mcceleration slong OX,

The auxiliary equations of motion describing the angular
acoslerations, nusbers 19, 20, 21, about body axes have had some terms
added. BReduction of moments dus to deflections of the alrplane structure
under load have been included. These reductions have been taken as
functions of the boriszontal teil, vertical tail, and aileron loads.
Since rolliag moments produced by the ailerons are already computed in
equation 31, an expression is included in this equaticn to reduce the
set alleron moment produced. The pitching and yawing moments reductions,
however, cannot be handled as simply. It will be necessary to compute
the moment coefficients produced by the horirontal and vertical tall,

. equations 38 and 39, mnd subtract out some percentage of these in equa~
tions 19 and 20. The percentage reductions will be constant for a given
airplane.

The rotary derivatives, or moments produced by a rotation are
included in equations 19, 20, 21. These terms require a separate squation
to determine each derivative.

The angular mementum of the propellers is great enough to pro-
duce a measurable pitohing or yawing moment when either a yawing or
pltebing welocity occurs. They appear in equatlons 19 and 20 divided
by the appropriate moments of inertia.

Llwo included in equations 19, 20, and 21 1s provision for a
center of gravity ahift in any direction. All moment data furnished
from the wind tunnel will be about the wind tunnel balance resolving
center. This point will correspond to some point on the airplane, vhich
will be a reference point. All C. G. positions will be specified in
percent of the merodynamic chord away from the reference point. See
Fig. 3.

Equation 20, for the yawing acceleration, has included the
direct thrust effect due to unsymmetrical engine operation.

The diagras, Fig. 4, showing the horirontal and vertical dis-
i tances of the C. G., from the point of main wheel contect, describes the
moment arss which detersine the moments due to the grousd reaction terma.
This dlagrasm supercedes the skstch of ground angles in Report 50.
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4. Hinge moment equations 22, 23, 24 replace the original eomtrol

force squations. One method to handle the control loading is to solve
electrically for the hinge momente at the control surface hinges and
upply these to a ayatem of mechanical linkages similar to the motual
airplane linkage. In this manner, friction, cable stretch, and inertia
effects of the mctual airplane control system can be included physically.
Heport B8 povers this aubject of control loading.

6. The auxiliary equatione or merodynamic coefficlent equations

have been altered considerably in order to conform to the proposed point

by point method of data representation. These are equations 26 = 48 and
sample curves for a particular airplane representing the various functions
in the auxiliary equations will be included in a future report. (See R-95.)

The auxiliary equations to determine the rotary derivatives,
equations 32 = 37, have been multiplied by a non~dimensional number which
inoludes the airplane velocity, thereby reducing by one the variables on
which the rotary derivatives are dependent. Thus, if the rolling moment
due to a rolling velocity ‘?Cl is a function of o ¥ 6F,V then Ce ?b

P S

ié & functios of & ¥ bF C"P is definsd am (%X'ﬁci) PN
op

Two types of additional functions have been added to the
auxiliary equations. The first is a function of the Mach number (the
ratio of airplane speed to speed of sound) included in the 1ift, drag, l
and pitching moment coefficients equations. These functions have been
considered necessary for a more rigorous solution at the high speeds
encountered in modern aircraft. Inclusion of a Mach number term may
be considered as a correction term, and therafore the functions describ-
ing such terms will be of limited complexity; i.6., the function will be
described only at relatively low angles of attack.

To include terms in the auxiliary equailons as functions of
the Mach number, it is necessary to continually compute the value of
the Mach number; 1.e., the velocity V divided by the welocity of sound
l'. at the particular altitude in question. The velocity of sound as a

function of altitude is given in Report 62.

The second type of functions added have been termed manual
sottings and can be distinguished by the symbol M; used to describe
the constant of each term. On any airplane, the data initially will
be set according to resulte of wind tunnsl tests. After operation of
the analyrer, however, it may be convenient to change some parameters
at will in order to determine qualitatively the manner in which the
configuration of the airplane should be changed iln order to obtaln more
desirable characteristice. These parameter changes will be simple slope
changes or additions and should be readily adjustable, preferably by
means of diale located on the control engineer's panel. All such ad-
Justments will be set at gzero for the initial tests. l
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The control engineer acts in the capacity of the flight engi-
neer of the alrplane. He creates flight probleme, and handles those
patters for vhich antomatic equipment has not been included. The latter
would be cowl flap settings and engine head temperatures, bomb doors, ®tc.

The following list of controls at the control engineers desk
iw an indication of the type of control; a complete list will be given
in future reports.

1. Change of mass
2. Change of horizontal C.C.

3. Change of vertical C.G.

4, Change of lateral C.0C,

6. Ohange of moment of imertia about ox axis (1)

6. OChange of momsnt of ipnertia about oy axis (1,)

7. Ohangs of moment of inertia about oy axls (Ig)

8. Change of outboard port engine power including engine failure

9. Change of inboard port engine pover including engine fallure

10, Change of inboard starboard engine pover including engine failure
11. Change of outboard starboard engine powsr including engine fallure
12. Provision for gusty air

13. Change of ground friction coerficient’ —

' Certain of the above manual adjustments will entail auntomatic
changes in other parametere. Thus, several new equations are required.
They involve:

1. Changes in moments of inertia when mass 1s changed
2. Changes in moments of inertias when C.G. is changed
3. Change of thrust component with feathered propeller

These will be considered in detell in & future report.

Included in the merodynamic effects which determine the re-
sultant motion of the airplans are the stall phenomena. To continucusly
simulate the motion in the stall is too highly involved for the end re-
sult achleved. It has been decided, therefore, that the effect desired
in the analyser is to leot the pilot be aware that the airplane is stal-
ling, give him some means of control during the stalled periocd, and have
the airplane emerge from the stall at some angle of attack and 1if% co-
ef ficient below the stall.

Some stall warning such as buffeting of the gontrols should
appear befere the stall is reached.

It is proposed to schieve this stall as follows:
1. A function of §F, Tg will determine the stall angle of attack.

Stall ocours when o= H“.n_
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2. At each stall angle, a drop-off ia €y, will occur depending om
the severity of the stall. Cp will be held constant at its
new value until such a tice that @ decreases, returning
iteelf to the 1ift curve for normal operation.

3. At emch atall angle, decreass alleron effectivenssn (probably
same amount for mll cmses) until recovery is reached.

4. At each stall angle, apply suddenly a Cp and Ce proportional to
the severity of the stall. These increments are to be applied
for a definite time interval and removed.

During the stall, all machinery will continually compute the
motion so that at recovery the airplane will be under normal operation.

Handling the tae—off will be considered in detail in a future
report. 1t is wll to note, however, that several of the equations which
delermine the asrodymamic coefficients have T, included ms a variadle
and therefore cannot be used for take-off computations because T.' goes
to iafinity at sero alrspeed.

The proposed msthod for handling this difficulty is to add
data %% *he egquatisne of mati-r bassd on thrust ex! veloclty durloy i ke-
off. Thie data will be in dimensional fors, and ground reaction effects
will be lncluded. Fig. 4 supercedes the previcus sketch describing the
ground angles in Report 50. Certain mssumptions made for the take—off '
run simplify the amount of data required. These assumptions are:

1. Angle of bank is zero
2. Aagle of yaw equals sero
3. Ko aide slip between wheels and ground

After take=off, the proximity of the ground affects the merodyna= °
mic reactions, particularly the longitudinal stability. Thie effect is
included in equation 29 for Oy which has a term added that increases the
basic longitudinal stability as a function of altitude and goes to zero
when h = b,

7. Engine simulation equations will be obtained for four recipro-
cating engines, for gas turbipes with jets and propellers, for Jet engines
alone, and for Jet and reciprocating unite combined.

The reciprocating engines and propeller is treated as a unit.
From a imowledge of the airplane velocity V, altitude b, density @ ,
pressure F, and the englne control settings, the thrust is computed. T,
sto., is also computed %o be supplied to the auxiliary equation functions.

The nusber of separate equations to be solved for each reci-
procating engine to obtaln the thrust output (for the present torques
will be neglected) is 23, 92 equations for four engines. Thees squations
are listed, pumbers 57=79 for one engine. Thelr explanation and wynthesis .
ioto the analyser will be given in a later report. Additional equations
for Jets and gas turbipes will be added at a later date.
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No amccount in the engine equations is taken for the fact that

each engine operates at a different _jw when & yawing velocity occurs.

The effect is to produce a dawping moment due to the rate of yaw by de-
creasing the thrust on the engine going forward and increasing it on the
engine going rearward. The yawing mowent priduced results then from a

yawing velocity, and thus can be handled in the equation for the rotary
derivative C, . This method simplifies the engine equations somewhat by

r
having each englne operate at the pame forward speed.

It is planned that the engine circuits will include a suitable
system to simulate engine noise and the accompanying vibrations.

For schematics, function chart and interconnection of equations
see 6345 drawingsi

R-30011
D-30012
D-30013
E-30014
D=30015
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EQUATIONS OF MOTION
ANGULAR VELOCITIES ABOUT BODY AXES

O[5+ et
© = [
@ P=it[i+(ﬁ%§)c§m]&t

LINEAR VELOTITIES ALONG BODY AXES
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VELOCITY RELATIONSHIPS BETWEEN WIND AND 20DY AXES
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EQUATIONS RELATING BODY AND EARTH AYES
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HINGE MOMENT EQUATIONS
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TABLE OF SYMBOLS

Symbols for Bquations of Motion
A8
1) Earth Axes
A - North

B ~ East

C =~ Down toward center of earth
2) Body Axes =~ Origin at airplane Center of Gravity
K = forward along thrust line
Y ~ along right wing
Z - down perpendicular to XOY
3) V¥ind Axes = Origin at airplane Center of Gravity .
g - forward mlong relative wind (instantanesous flight path)
T = toward right wing perpendicular to Os
g = down perpendicular to ;On
FURCRS
1) Along Earth Axes
W~ weight of airplane along OC
2) Along Body Axes
X'~ along OX
Y =~ along OY
Z'- along OZ
3) Along Wind Axes

A - along O! in the negative drag direction
F - along O'!" in the positive side force direction

A = along Og in the negative 1ift direction




PPROVED FOR PUBLIC RELEASE. CASE 06-1104.

HESTRICTED
6345
Report B-&4, - W - 20 =-
Revision 1 LU

MOMENTS Ft. Pounds
1) About Body Axes
L - Bolling moment about OX
™M - Pitching moment about OY
N = Yawing moment about OZ
LINEAR VELOCITIES Feet per Second

1) Along ¥ind Axes
Y = resultant velocity along Og
The velocities along Og and OY) are zero.
2) Along Body Axen

A - velocity along OR
ap - yelocity along OY
Ay - velocity along OZ

ANGULAR VELOCITIES Radians per Second
1) About Earth Axes

d¢
I-t- - about OX

dé
:
at

2) About Body Axes

- sbout lime in intersection of plane ADB and YOI

- sbout OC

' - about o
Q - about oY
N~ about OF
3) About Wind Axes & about OV

ACCEIERATIONS TFt. per Second per Second
1) Along Barth Axes = g - gravity aleng OC
2) Along Body Axes
Qx - along OX
Qy ~ along OY
Qg - along OZ

- &7 -
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MOMENTS OF LMERTIA Pound - Feet - Second?
1) About Body Axes

Ix - about OK = Amb

Iy =~ sdout QY = b“ﬂb‘

Iy - about OZ = Emb
ANGLES Degrees

("] - angle between OX and plane AOB in plane XOC

W - angle between OA and plane XOC in plane AQOB
¢ - angle between OY and plane AOB in plane YOZ
oA
]

- angle between OX and plane !O'I'l in plane XOZ
= angle between Og and plane YOZ in plane !.O‘i]

g

t ~ mecondn.

STMBOLS FOR AUXILIARY EQUATIONS
€ = 1lift coefficient - static

Cp = drag coefficient - static .
Cy = slde force coefficient - static
Cy = pitching moment coefficient ~ static

Ca - yaving moment coefficlent = static
C‘ = rolling moment coefficient - static

' G.q = pitching moment coefficient due to pitching nlocit:.c%‘(m)

Cm.‘ - pitching moment coefficient due to rate of change of
angle of attack ("X_‘.p.)
Cn =~ yawing moment coefficient dus to yawing velocity; ({5(
Gnr = yaving moment coefficlent due to rolling volocltys(* )

CJP = rolling moment coefficient due to rolling velceclty

L ¢
= rolling moment coefficient due to yawing nlocit;;:({‘%)

£

Fg ~ stick or colummn force - pounds

Fg = rudder pedal force - pounds

¥y = alleron wheel force = pounds

By =~ elevator hinge moment - ft. 1lbs. .
BER = rudder hinge moment - ft. lbs.
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B‘]. = left alleron hinge moment - ft. lbs.
H*ﬂ =~ right alleron hinge moment - ft. lba.
KHL‘ = elevator hinge moment modulus - .S
IBR - rudder hinge moment modulus - ft.°
KBA.I.. ~ left alleron hinge moment modulus - re.®
Kgm =~ right alleron hinge moment modulus - ﬂ.3
Kpg =~ elevator hinge moment modulus due to pitching velucity.
q "y

Kagi - elevator hinge moment modulus due to rate of change
of angle of attack: (

bu
[Hnlt = rudder hinge moment modulus due to yawing velocity: (tl

Kpap, ~ left alleron hinge moment modulus dus to rolling

o P veloclisy: :{

KHzp - right aileron hlngu moment modulus dus to rolling

. P veloeity: t*x-_..!)

Cmy =~ pitching moment coet:‘icient contributed by horizontal tail
cn‘ - yavwing moment coefficient contributed by vertical tail
e. = angle between OX and ground with plane at rest
" BE - elevator angle
SR - rudder angle

HA - total alleron angle = 6A+ BA,

SA_ - left alleron angle

BAg - right ailercn angle

‘E‘ - elevator teb angle

SR‘ - rudder tab angle

M._‘ = Jeft aileron tab angle

SR.‘- right aileron tabd

SF - flap angle

T} = thrust delivered by port outboard engine - pounds

Tz -~ thrust delivered by port inboard engine - pounds

Tz = thrust delivered by starbosrd inboard engine - pounds
l T4 =~ thrust delivered by starboard outboard engine - pounds
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7 - total thrust (four engines) = pounds

,J - constant thrust from jato installation operative for
a specified length of time

T, = total thrust coefficlent (four engines)

~ total thrust coefficient (port and starboard inboard
enginen)

Tgy = thrust coefficient (port outboard engine)
- thrust coefficient (port inboard engine)

ca
T:‘-S - thrust coefficient (atarboard inboard engine)
é‘ —~ thrust coefficient (atarboard outboard engine)

Ig - % landing gear deflection

By ~ % bomb door deflection

G = % cowl flap deflection port outboard engine

c - & aowl flap daflaction nort inboard engine

& - ? cowl flap deflection starboard inboard engine
C‘ri - % cowl flap deflecticn starboard outboard engine

BP], =~ % brake pressure - left brake l
BPy = % brake pressure — right brake
m -~ airplane mass -~ slugs

- wing area - sq. ft.
b - gpan - ft.
c - mwan aerodynamic chord = ft.
n = distance to outboard wotor q along OY = feet
¥, = distance to inbanrd motor & nlong OY ~ fest
Cege - genter of gravity
D - diatance of c.g. belov reference point along OZ - feet

D - distance below rsfercn:e point to point of contact
of maln vhoel: an® ground along OE - feet

- distance of c.g. to rijht of reference point along OY = feet

e e
i

main wheel tread - feet

- distance of c.g. uwlen? of reference point nlong OR - feet

= om
1

distance forwnrd of reference point to point of contact
of maln wheols and ground along OX - feet
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moment of inertia coefficient - OA axis

moment of inertia coefficient = OY axias

moment of inertia coefficient - OZ axis

air density (standard mem level) - pound-sec® per ft.*
alr density (standard at mltitude) - pound-sec® per ft.%
density ratio

altitude - ft.

velocity of sound - ft/mec

alleron divergence speed - ft/sec

mach number

coefficlient of ground friction

ball bank mangle - degrees

correction factor to
—avruetineyi-defie. Ll oo

pitching moment due to mirplane
———

- S [EENE——

correction factor to yawing moment due to airplane
structural deflection

designates n function of the variable in ( ). In
genseral represented by n curve or family of curves.

aerodynamic constantsa

manual setting conetmnts

ENGINE BQUATIONS

displacement of engine - cublec inches

engine revolutions per minute

engine revolutions per second

mase alr flow through engine - pounis per hour
mass alr flow through engine - pounds per second
throttle angle - degrees

inlet density (density at cylinder inlet) pounds -
sec® per ft.

manifold pressure - inches of mercury absolute

presaure drop through carburetur = inches of mercury sbsolute

etposphere pressure - prosgure at inlet of auxiliary
stage - inches H, abmolute

Fressure at exit of suxilisry stege - in Bg absolute

= 51 =

v ———
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Faq - pressure at exit of carburetor - pressure at inlet to
main stage of supercharger - lnches H‘ absolute
Py = pressure at exit of main stage of supercharger = WP
i - correction factor to IHP
1HP -~ indicated horsepower
FHP - friction horsepower
SHPy =~ supercharger horsepower for main stage
SHP4 -~ suporcharger horsepower for puxiliary stage
AEP - horsepower increase dus to decreased back pressure
i ] m = ‘Sradse-l. r30DOWET—— i i S g

FHP - propeller horsepower

G.H. - gear ratlo

Dp - propeller diameter feetl
J - ndvance dlameter ratlo
cp - propeller power coefficient

Cy = propeller thrust coefficient
p = propeller blade angle - degrees
Ya, -~ adiabatic factor for auxiliary stage

3“ = adiabatic factor for main stage

3 et

- constant = B 2 B

%as Ss0m,

J - mechanleal equivalent of heat

t, - inlet temperatures to both auriliary and main stages
of gnponharsern - agsumed to be constant - absolute

620" ¥.

specific heat of alr at constant pressure

o
1
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n - supercharger efficlency assumed to be constant !
Gy =~ governor setting I

Compiled by:

Approvad: . |

——— R, N — s,
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-

716G, 8§ - Sketch of C, G. Location
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B
]
POINT OF CONTACT
(MAIN wHEELS AND GRouMD) F
J1G. 4 - Location of Foint of Contact

Between Main Wheels and Ground
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SUMMARY HEFORT NO. 1
April 1546

NON-LINEAR COEFFICIENT EXAMPLES

- Ire follewd -z noo-linear scefficlente oron'yploal examplse of ths
different types of input data. These examples were chosen as illustra-
tiona of the varlety of slopes, magnitudes and inflexion points en-
countered in wind tunnel data.

The largest term in the expression for 1ift coefficient, f,(m .ﬂ_rél ‘
is shown on drawing B-38000-G for Ty = O. The curves for different
flap angles, 8F, are approximately parallel and straight up to the stall
point. At the stall point the curves are not very critical for computa-
tions in the analyser since the stall conditlon will be handled empiri-
cally and the curves ¥ill be modified at this point.

fs(at, m)), draving A-38005-G, shows curves which cross each other.
It will be noted that the cross-overs occur at high mach numbers (above
0.5) corresponding to high airplane speeds. This contribution to the
14ift coefficient is limited to low angles of attack since it is imposaible
to fly at high angles of attack and high speeds.

f7(8R, ¥ ), draving B-38008~G, illustrates a smoothly varying
function whome curves cross at the origin. This contribution to the
total drag coefficient is small or negligible in normal flight but may
become as much as 50% immediately after an outboard engine failure.
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£4(%, Te- 7, ), draving A-38046-0, is a function which is
3

Aifficult to represent ns an analytical function and, if represented by
a function table, presents difficulty in interpolation in the region

near the origin.

f19(¥ , 6R, ng's). drawing A-=38053-G, is typical of a family of

curves congiderably different from the other curves dlmcussed.
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TWO-STAGE POTENTIOMETER MULTIPLIER

A single~stage potentiometer multiplier is shown ron Sketch 1 of

the follavirg page. JIomut A s supplied as or a'lncr.-,-‘:rrﬂ..'o"-g- i e — —
and input B is converted to shaft rotation by means of the servo system
using a feedback potentiometer supplied with constant voltage E. The
product, C. is obtained as a voltage output, For a given voltage input .
A, an error in C {s introduced by imaccuracies in the resintance element,
by back-lash or looseness in the control shaft and contact assembly and
by lack of senaitivity arieing from a finite nuamber of increments in
the resistance element and from ths dead sone in the mervo system.
Since errors due to thess sources are approximately constant, that is,
independent of shaft mngle B, while the output voltage is proportional
to B, fractional errors in the output are approximately invermely pro-
portional to B. This limitation becomes serious when one attempta to
cover a wide dynamic signal range.

The two-stage multiplier extends the useful range of sensitivity
by using two potentiometers in cascade. Such a system is illustrated
in the second sketch. The first potentiometer slider is driven through
the scale factor angle 1/K while the second set of potentiomsters per—
form the multiplication (B')(1/K). Because of the corresponding
connection of the mervo feedback potentiometers, angle B' equals the
scale factor K times B,
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In operation, ehaft positions 1/K will be adjusted to maintain
shaft position B' well above the level of minimum sensitivity and
noise. Shaft position 1/K can be adjusted at the beginning of a
particular computation to provide the proper scale factor for the
following series of computations. However, as was planned for this
analyzer, the shaft position 1/K can be continuously adjusted by a
servoc system loosely coupled to shaft position B'. Such coupling
eystem must be made through potentiometers, tachometers, and limit
stops to properly coordinate the operation of the two potentiometer
seta.

The objective of the cascaded two-stage multiplier is primarily ~——
to increase the range of sensitivity rather than to improve accuracy.
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.. FREQUENCY MODULATED SERVO

An electro-mechanical computer requires numerous servos to drive
its mechanical elements. For a real-time aircraft analyzer analogy
computer, the requirements for these servoa would be particularly se-
vere.

' Wherever forces and accelerations are converted from electrical
signals to the mechanical positions of integrator carriages or mlti-
plier potentiometere, servos must be used which are capable of follow-
ing the rapid fluctuations possible in these variables.

The approximate specifications for the type of computing elements
being considered are:

1. Peak power outputs of about 100 watte

2. Low standby losses

3. Very high static accuracy including high stiffness

4. Extremely good transient response including high maximum
accelerations

5. 400 cps data

A short survey of readily available servo types discovered none
that showed promise of meeting these requirements. Inatead, a new type
of servo was developed utiliring the desirable characteristics of a
frequency controlled low slip induction motor. A block schematic of
this system i@ shown in Drawing B-30010. A frequency controlled poly-
phase induction motor is deelrable for the following reasons:
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1. High torque-slip ratio leads to good transient response
and high accelerations and stiffness at all operating
speede.

2. Standby heating is low because rotor losses are zero at
ntandatill. High peak power outputs over short time
intervaln are thus available with small motors and low
continuous heat-dissipating capacity.

Supplying such a motor with varying frequencies requires consider-
able equipment, These frequencies must vary from a maximum in one phase
rotation to a maximum in the opposite phase rotation through all fre-
quencies in between, including zero. All circults car=ying motor power
must, therefora, be able to handle direct current as well as alternating
currents up to perhaps 60 cps.

This requirement i met by using m beat-frequency oscillator, the
variable frequercy unit of which is adjustable both mbove and below the
frequency of the fixed frequency oscillator. The fixed frequenoy os-
cillator produces 3-phase voltages at’oscillator frequency. These are I
beat against the single-phase variable frequency resulting in 3-phase
difference frequencies.

The servo error signal is detected and the resulting d-c supplied
to the grid of a reactance tube across the plate load of the variable
frequency oscillator. An oscillator output frequency proportional to
servo error is thus obtained.

The 3~phase difference frequencies are supplied to the thyratron
power stages which supply the motor. The 3 power stages each consist
of a pair of gas triodes with a-c plate voltage supplied through trane-
formern., Which tube is to fire and over how much of a plate-voltage
cycle is determined by the phase and magnitude of the oscillator ocutput
voltage wupplied. The phase and magnitude of the voltage supplied to
the motor winding is thus determined by the oscillator ocutput, and the
motor is supplied with 3-phase voltages of the required frequency.

The motor itself can be any polyphase induction motor but one
especially designed for low inertia and low slip will provide better
performance. .
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An experimental servo of this type was built in a 50-wett aize. It
proved very satlsfactory. With proper adjustment it was found possible
to obtain transient decay times of the order of .0l seccnds with loads
comparable to integrator drives. Statlic errors were within the errors
of the datn aystem and static stiffnees wea adequate. VMemsured dymamlc
and steady etete characteristice were in good agreement with expected
perforeance.

The frequency modulated servo would te able to satlsfy the more
stringent servo requirements for the snmlcgy computer. Considerable
electronic equipment is needed for each servc but the amount is not ex-
cessive in view of the freedom from weight and space requiremente in a
comprter of this type. The amount of equipment ia also largely indepen-
dent of servo rating; changing the size of the servc motor raquires
changing only thea size of power strge thyratrons and trensformers.

Further information as to the characteristics of the frequency-
modulated rervo may be found in 6345 Heports 74 threugh 83 listed in
Appendix k.




PPROVED FOR PUBLIC RELEASE. CASE 06-1104.

RESTRICTED

AFPPENDIX E
to
FROJECT

WHIRLWIND
(DEVICE RP-12)

SUMMARY HEPORT NO. 1
April 1946

Below is a 1ist of titles and brief descriptions of soms reports
which have been written during the progress of work on Contracts
NOa(s)5216 and NOa(g)?082. Missing numbers in the series belong to
reporigevhich are obsclete or bave heen withdrawn from circulation.

-

Beport
_No. Date
4 Jan. 16, Pwo~Fhase Induction Motors
305 A study of the Diehl FFF-49-5 squirrel cage
two-phase induction motur as a torque motor
for use in the control force loading equip-
mant .
5 Jan. 20, Phase-Sensitive Detector
1946 A bridge~type dlode phase-sensitive detector
for use in converting a-c to d-c signals.
6 Jan. 7, Throttle Valve
1945 Preliminary tests of the first model de-
signed for use in the control force leading
equipment .
7 Jen. 17, Viscosity ve. Leakage
1945 Studies of a Variable Displacement Hydraulic
Pump -
10 Jan. 17, Preliminary Estirates of Numerical Valus Ranges
1945

For aircraft that are to be handled by the
Stability Control Analyrer.
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12 Jan. 22, Lift Coefficients
1945
Data on the nature of lift coefficlents.
13 Jan. 26, Strain Oauges for Control Force Measurement
1945

Data »n the Buge—deForest Type wire strain
gauge for use in control force leading

equipment.
14 Jan. 30, Simulation of a Function of Several Varisbles
1946 This is a report written and issued originally
by the Bell Telephone laboratories.
18 Feb. 6, Aireraft Oscillations
1945 A listing of the kinds of oscillations with
natural pericd and damping to be expected
in large aircraft.
' 19 Feb. 7, 60=Cycle Modulator Circuit
140 An electronic modulator circuit for convertlog
d=¢ to 60—cycle a-c signals.
21 Apr. 13, Control Transformers
1945

A report on laboratory tests of standard
Havy control transformers.

22 Yeb. 22, Preliminary Investigntion of Summing Circults

1945 Yor adding and subtracting 60-cycle a-c
voltages.
23 Feb. 27, Precision Potentioreters
1945

Information on the Western Slectric light-
weight precision potentiometer.

24 Feb. 28, Lift, Drag, and Side rforce Coefficlents

1945 For use in the alrecraft equations of moticn.
26 Apr. 19, Parallel-T Networks
1945

Experimental studies of parnllel-T networks
for use as servo derivative networke where a
' 60-cycle carrier is used.
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28 Fab. 1, Regolver - Voltage Output and Fhase Shift
969 The voltage output and phase shift of Arma
Corporntion electrical resolver.
29 Mar. 23, Summing Amplifiers, Electronic
1945 Second report.
30 Mar. 26, Potentlouweters
1945 General comments.
33 Mar. 26, Tachometers
1960 Experimental tests of Arma and Kollsman a-c
tachometers.
35 Mar. 23, Preliminary Tests of an Electro-Hechanical Inte- = -
18456 grator.
36 May 3, Description of Proposed Control Force Demonstrator
19456 5
5
a7 Apr. 28, Control Colum Loading Equipment, Analysis of
1945 Component Parts
38 May 4, Control Column lomding Equipment, Stabllity and
1945 Gain of Proposed Clomed-Cycle Schematic
4l Apr. E, Strain Gauge Freamplifier
15456
44 Apr. 20, Detectors, Fhase-Senoitive, Full-Wave
l=~o
48 Hay 4, Signal Calibrator
1945
a5 May 10, Numerical Ranges of Asrodynamic Constants
19456
50 Moy 14, Equations of Motion, Revised with Sketches
1945
52 May 18, Low-Pasn RC Filter
1945
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53 June 1, Servo Amplifier Apalysis
1845
66 June 20, Nolse Lavel Teat
1945
FPreliminary report.
58 Aug. 7, Control System Information
1945

Elevator, Aileron, and rudder data.

59 Aug. 21, FParallel-T as a Derivative Network
i Theoretical study.

61 Sept. 13, Kollsman Tachometer

1945
62 Bept. 16, Standard Atmoephere Data
1948 Tabulation and curve.
63 Sept. 18, Conference Notes
1945 Un discussion of methods to handle take-off
and landing, stall representatlion, compressi-
bility effects, cockpit inetruments, engineer's
panel, center of gravity, cockpit motion,
vibratiorn, and noise.
64 Oct. 31, Equations for Aircraft Flight
19456

Bevised and expanded, April 4, 1946

65 Aug. 23,  Magnetic Shielding

304b A summery of some published works on shielding
magnetic fields.
68 Oct. 1, Transformer Fileld Tests
A5 An investigation of the strength of the mag-
netic fleld produced by transformers under
sizulation conditions of normal operation.
69 Nov. 156, Fhanse Measurements
19456

A summary of published material on methods
of measuring electrical phase angle.
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70 Oct. 31, Response of Networks to Modulated Sinusoidal Inputs
1966 A theoretical treatment discussing transmisaion
of modulated signals through linear networks.
71  Aug. 17, DC Voltage Regulators
1945 Cirouits for m voltage regulator with an out-
put impedance of approximately 0.0l ohm and
1 millivolt ripple.
74 Mar. 12, Thyratron Control Circuite
1946 Partial report on 60-cycle plate voltage
operation ‘for frequency modulated servo
power stage.
76 Jan. 22, Frequency Modulated Servo Systex
6 .
19 —~5~ihase modulatui” dtepa”
77 Jan. 21, Frequency Modulated Servo System
. 10 kilocycle 3-phase and variable frequency
oscillators. l
78 Mar. 25, Frequency Modulated Servo System
] Report on power stage clrcuits.
79 Mar. 9, Frequency Modulated Servo System
1946 Uesign and test characteristice of the serve
motor.
80 |Mar. 1, Frequency Modulated Servo System
3945 Test results.
Bl Mar. 7, Frequency Modulated Servo System
1946 Mathemntical annlysis of servo system.
82 Jan. 21, Frequency Modulated Servo System
1946 Phase-sensitive detector stage.
83 Mar. 7, Frequency Modulated Servo System
1966 Report on complete ayatem.
Nov. 1, Regulated Yower Supply
19456

Data on Western Electric power supply type .
No. CW 20 AAE, BUORD No. ESSXX 679247
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86 Nov. 16, Nolse level Back Tests
19486

Summary of noise level tests in analogus
computing cireults.

88 Not issued Coder for Digital Computer

B9 Mar. 4, Timing Signal Generator

1946 A gircuit for generating two-microsecond

pulses at 125,000 pulses per second repetition

rate.
90 Jan. 15, The Bipary System of Numbers
1946 A description of the binary system with comments
on bipary and decimal equivalents, subtrection,
2 na mltiplication, division, and complements. —
93 |Mar. 8, Rise Time of Short Coaxial Cables
1946
' 94 JFab. 12, Some Feychiatric Observations on Cockpit Design
1946 by Dr. Holder of Massachusetts General Hospital
96 Dea. 7, Hoise level Test Back Amplifier Tests
1948
98 Mar. 7, Constants and Curves for a Twin Engine Airplane
1946 (called Model A) for Analyzer Equationa.
Thia is a set of constants and non-linear
coefficlientw for a typloal alrplane as don-
cribed by the equations in Report B=64
(Appendix A.)
99 Apr. 4, Design of the Mechanical System for Transmitting
1946 Control Forcee from the loading Equipment to the
Cockpit Controls
100  Mar. 4, Cockpit Mounting and Actuating Mechanism
1946

Showving overhead cockpit mounting and commente
on cockpit piteh, roll, and vertical motiom.
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